


























+HUUQ 'U 9 :HQGLVFK GDQNH LFK IU GLH XPIDQJUHLFKH (LQIKUXQJ LQ GHQ EHDUEHLWHWHQ
7KHPHQEHUHLFK
)UGLH$XIQDKPHGHU1056SHNWUHQGDQNH LFK+HUUQ* /LSLQVNLXQG+HUUQ.3 0HVWHU
)U GLH $XIQDKPH GHU (OHPHQWDUDQDO\VHQ GDQNH LFK )UDX % 0LFKHO )U GLH0HVVXQJ GHU
5|QWJHQVWUXNWXUDQDO\VHGDQNHLFK)UDX% 1HXPDQQ
)UGLH0HVVXQJGHU*&066SHNWUHQGDQNH LFKGHU$UEHLWVJUXSSH3URI 'U - 0DWWD\)U
GLH$XIQDKPHGHU(6,066SHNWUHQGDQNHLFK+HUUQ'U 0 /HW]HO
+HUUQ3URI'U. %XUJHUXQGDOOHQ0LWDUEHLWHUQVHLQHV$UEHLWVNUHLVHVVRZLHGHQ0LWDUEHLWHUQ
GHV ,QVWLWXWV GDQNH LFK IU GLH IUHXQGOLFKH $WPRVSKlUH ZlKUHQG PHLQHV $XIHQWKDOWHV LQ
/HLS]LJ
)U GLH HQJDJLHUWH0LWDUEHLW ZlKUHQG LKUHU %ORFNSUDNWLND GDQNH LFK $VWULG +ROWPDQQ XQG
.\XQJ-DH1D
+HUUQ 3URI 'U ( %XWNXV 8QLYHUVLWlW 9LOQLXV /LWDXHQ GDQNH LFK GDVV LFK LQ VHLQHP
$UEHLWVNUHLV GLH PROHFXODU PRGHOOLQJ 5HFKQXQJHQ 3& 6SDUWDQ 3UR GXUFKIKUHQ NRQQWH
+HUUQ 3URI 'U $ 3IDOW] 8QLYHUVLWlW %DVHO 6FKZHL] GDQNH LFK IU GHQ ]XU 9HUIJXQJ
JHVWHOOWHQ/LJDQGHQ/
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 9HUVXFKH ]XU 6\QWKHVH YRQ β+RPRDPLQRVlXUHQ 
 6\QWKHVH XQG (LQVDW] GHV $PLGRSKRVSKLQ/LJDQGHQ LQ GHU DV\PPHWULVFKHQ
NDWDO\WLVFKHQ $GGLWLRQ YRQ 2UJDQR]LQNYHUELQGXQJHQ DQ 1LWURDONHQH 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GLSKHQ\OSKRVSKLQRPHWK\O@
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 β$PLQRVlXUHQ LQ QDWUOLFK YRUNRPPHQGHQ 3HSWLGHQ XQG 'HSVLSHSWLGHQ








'LH5ROOH GHU HQDQWLRPHUHQUHLQHQ9HUELQGXQJHQZlFKVW VWlQGLJ 6R ODJ GHU0DUNWDQWHLO YRQ
HQDQWLRPHUHQUHLQHQ $U]QHLPLWWHOQ LP -DKUH  EHL   'DV MlKUOLFKH:DFKVWXP GLHVHU
$U]QHLPLWWHOVSDUWHLVWDXI JHVFKlW]W
'LH DV\PPHWULVFKH 6\QWKHVH XQG YRU DOOHP GLH NDWDO\WLVFKH DV\PPHWULVFKH 6\QWKHVH ZHLVW
YLHOH9RUWHLOH JHJHQEHU DQGHUHQ0HWKRGHQGHU(3&6\QWKHVH (3&(QDQWLRPHULFDOO\3XUH
&RPSRXQGV ZLH VW|FKLRPHWULVFKHQ XQG HQ]\PDWLVFKHQ 6\QWKHVH6WUDWHJLHQ DXI 'HU
ZLFKWLJVWH 9RUWHLO GHU DV\PPHWULVFKHQ .DWDO\VH LVW GLH FKLUDOH 0XOWLSOLNDWLRQ FKLUDO
PXOWLSOLFDWLRQ HLQ HLQ]LJHV 0ROHNO GHV FKLUDOHQ .DWDO\VDWRUV NDQQ PHKUHUH WDXVHQG QHXH
&KLUDOLWlWV]HQWUHQJHQHULHUHQlKQOLFKZLH(Q]\PHLQELRORJLVFKHQ6\VWHPHQ
'LHVW|FKLRPHWULVFKHQ0HWKRGHQQXW]HQGLH5DFHPDWVSDOWXQJDXVRGHUILQGHQLKUHQ$QIDQJLQ
GHU FKLUDO SRRO 6\QWKHVH 'LH 5DFHPDWVSDOWXQJHQ VLQG ]XU %LOGXQJ YRQ'LDVWHUHRPHUHQ DXI
7UHQQUHDJHQ]LHQ UHVROYLQJ DJHQWV DQJHZLHVHQ 'LH 'LDVWHUHRPHUHQJHPLVFKH PVVHQ GDEHL
RIW DXIZHQGLJHQ 7UHQQXQJHQ XQWHUZRUIHQ ZHUGHQ $XFK DXV GHU 6LFKW GHU $WRP|NRQRPLH
DWRPHFRQRP\LVWGLHVH0HWKRGHVHKUYHUVFKZHQGHULVFKGDGDVXQJHZQVFKWH'LDVWHUHRPHU
GHV 5DFHPDWV UHUDFHPLVLHUW E]Z YHUZRUIHQ ZHUGHQ PXVV $XFK GDV 7UHQQUHDJHQ] PXVV




GLH LP /DXIH GHU OHW]WHQ -DKU]HKQWH HQWZLFNHOW ZXUGHQ ZUGLJW GHU 1REHO3UHLV  IU
&KHPLH GHU DQ :6 .QRZOHV 5 1R\RUL XQG .% 6KDUSOHVV IU LKUH $UEHLWHQ ]XU
DV\PPHWULVFKHQ.DWDO\VHYHUJHEHQZXUGH
'LH NRQMXJLHUWH $GGLWLRQ QLPPW HLQH ZLFKWLJH 5ROOH LQ GHU DV\PPHWULVFKHQ NDWDO\WLVFKHQ
6\QWKHVH HLQ 6LH ELHWHW HLQHQ DWWUDNWLYHQ XQG YLHOYHUVSUHFKHQGHQ 6\QWKHVHZHJ ]X
HQDQWLRPHUHQUHLQHQ9HUELQGXQJHQGD HLQH9LHO]DKO DQ IXQNWLRQDOLVLHUWHQRUJDQRPHWDOOLVFKHQ





=LQNRUJDQLVFKH 9HUELQGXQJHQ VLQG VHLW PHKU DOV  -DKUHQ EHNDQQW )UDQNODQG HQWGHFNWH
GDVVGLH5HDNWLRQ]ZLVFKHQ0HWK\OLRGLGEH]LHKXQJVZHLVH(WK\OLRGLGXQG=LQNLQHLQHP
YHUVFKPRO]HQHP *ODVURKU $ON\O]LQNLRGLGH OLHIHUW GLH EHLP (UKLW]HQ VHKU S\URSKRUHV
'LPHWK\OE]Z'LHWK\O]LQNHU]HXJHQ$EE 
5 0H(W





6HLW $QIDQJ GHV  -DKUKXQGHUWV ZXUGHQ GLH 2UJDQR]LQNYHUELQGXQJHQ DXHU 5HIRUPDWVN\
5HDJHQ]LHQ GXUFK UHDNWLYHUH*ULJQDUG5HDJHQ]LHQ HUVHW]W $XFK ZHJHQ GHU QRUPDOHUZHLVH
JHULQJHQ$XVEHXWHQZXUGHQ GLH RUJDQLVFKHQ=LQNYHUELQGXQJHQ DOV XQUHDNWLY EH]HLFKQHW XQG
DOV5HDJHQ]LHQPLWHLQHPJHULQJHQ(LQVDW]SRWHQ]LDOLQGHURUJDQLVFKHQ6\QWKHVHHLQJHVWXIW
(UVW LQ GHQ LJHU -DKUHQ GHV OHW]WHQ -DKUKXQGHUWV ZXUGH HUNDQQW GDVV GLH 5HDNWLYLWlW YRQ
2UJDQR]LQNYHUELQGXQJHQGXUFKGLHhEHUJDQJVPHWDOO.DWDO\VHGUDVWLVFKHUK|KWZHUGHQNDQQ




'LUHNWH=LQN,QVHUWLRQ LQGLH.RKOHQVWRII &VS+DORJHQ%LQGXQJ LVWGLHZLFKWLJVWH0HWKRGH
]XU'DUVWHOOXQJYRQ2UJDQR]LQNKDORJHQLGHQEHULFKWHWH*DXGHPDUEHUGLHVFKQHOOHXQG








:HJHQ GHU JHULQJHQ 5HDNWLYLWlW GHU 2UJDQR]LQNYHUELQGXQJHQ ZHUGHQ YLHOH IXQNWLRQHOOH
*UXSSHQWROHULHUW$EE ZRGXUFKGLH6\QWKHVHYRQSRO\IXQNWLRQDOLVLHUWHQ2UJDQR]LQNYHU
ELQGXQJHQHUP|JOLFKWZLUG$EE 






'LH *HVFKZLQGLJNHLW GHU =LQN,QVHUWLRQ LVW VWDUN YRQ GHU 6WUXNWXU GHV +DORJHQLGV GHQ
5HDNWLRQVEHGLQJXQJHQ/|VXQJVPLWWHO7HPSHUDWXU.RQ]HQWUDWLRQXQGGHU=LQN$NWLYLHUXQJ
DEKlQJLJ $OO\O VRZLH %HQ]\O*UXSSHQ EHVFKOHXQLJHQ GLH ,QVHUWLRQVUDWH VWDUN VR GDVV GLH

















$ONHQ\O RGHU $U\OLRGLGH UHDJLHUHQ PLW =LQN QXU XQWHU HUK|KWHU 7HPSHUDWXU XQG LQ SRODUHQ
/|VXQJVPLWWHOQ ZLH '0) 8QWHU lKQOLFKHQ %HGLQJXQJHQ '0$ RGHU '038 DOV
/|VXQJVPLWWHO N|QQHQ VRJDU$ON\OPHV\ODWH WRV\ODWH XQG GLSKHQ\OSKRVSKDWH XQWHU =XJDEH
YRQ$ONDOLPHWDOOKDORJHQLGHQLQJXWHQ$XVEHXWHQHU]LHOWZHUGHQ'LHOHW]WHUH0HWKRGHLVWYRQ
EHVRQGHUHU%HGHXWXQJIUGLH6\QWKHVHYRQHOHNWURQHQUHLFKHQEHQ]\OLVFKHQ=LQNYHUELQGXQJHQ





2UJDQR]LQNKDORJHQLGH N|QQHQ GXUFK 7UDQVPHWDOOLHUXQJ YRQ 2UJDQRPDJQHVLXP 2UJDQROL
WKLXP RGHU 2UJDQRERU9HUELQGXQJHQ PLW =LQNKDORJHQLGHQ LP 9HUKlOWQLV  GDUJHVWHOOW
ZHUGHQ$EE 
















'LHVH 5HDNWLRQ NRQQWH DXI PHKUHUH IXQNWLRQDOLVLHUWH SULPlUH ,RGLGH EHUWUDJHQ ZHUGHQ
$EE 











]X GHQ $ON\O]LQNLRGLGHQ XQG &X, ]X GHQ 'LDON\O]LQN9HUELQGXQJHQ IKUHQ $XFK GLH
0HQJH YRQ 'LHWK\O]LQN NDQQ EHL GHU NDWDO\WLVFKHQ 5HDNWLRQVYDULDQWH ELV DXI HLQ 'ULWWHO
UHGX]LHUWZHUGHQ
 :HLWHUH0HWKRGHQ]XU6\QWKHVHYRQ'LRUJDQR]LQNYHUELQGXQJHQ
$XFK GLH 'LRUJDQR]LQNYHUELQGXQJHQ N|QQHQ GXUFK 7UDQVPHWDOOLHUXQJVUHDNWLRQHQ GDUJHVWHOOW
ZHUGHQ$EE 




'LH LQ GHU 6\QWKHVH HWDEOLHUWHVWH 7UDQVPHWDOOLHUXQJVYDULDQWH GLH ]X GHQ 'LDON\O]LQNYHUELQ
GXQJHQ IKUW LVW GHU%RU=LQN$XVWDXVFK $EE 'LHVHU5HDNWLRQVW\S LVW YRU DOOHPZHJHQ
GHU PLOGHQ 5HDNWLRQVEHGLQJXQJHQ YRQ %HGHXWXQJ 'LH 7UDQVPHWDOOLHUXQJ NDQQ LQ ZHQLJHQ
0LQXWHQEHL &HUIROJHQ
5=Q  5% 5=Q 5%
$EE 6\QWKHVHYRQ'LRUJDQR]LQNYHUELQGXQJHQGXUFK%=Q$XVWDXVFK
1DFKGHU*OHLFKXQJ LQ$EE  YHUOlXIW GLH6\QWKHVH YRQ'LDOO\O XQG'LEHQ]\O]LQN'LH
WUHLEHQGH.UDIW GHU5HDNWLRQ ]ZLVFKHQ'LPHWK\O]LQN XQG GHP HQWVSUHFKHQGHQ+DORJHQLG LVW
GLH)UHLVHW]XQJYRQIOFKWLJHP0H%6LHGHSXQNW  &
)XQNWLRQDOLVLHUWH SULPlUH VHNXQGlUH XQG EHQ]\OLVFKH 'LRUJDQR]LQNYHUELQGXQJHQ N|QQHQ









 (W=Q  %(W
$EE 6\QWKHVH YRQ IXQNWLRQDOLVLHUWHQ 'LRUJDQR]LQNYHUELQGXQJHQ DXV $ONHQHQ GXUFK
%=Q$XVWDXVFK
'LH $GGLWLRQ YRQ 'LHWK\OERUDQ DQ IXQNWLRQDOLVLHUWH $ONHQH OLHIHUW GLH HQWVSUHFKHQGHQ
7ULDON\OERU9HUELQGXQJHQ )*5%(W $EE  GLH GXUFK ZHLWHUH 7UDQVPHWDOOLHUXQJ PLW
'LHWK\O RGHU 'LPHWK\O]LQN GLH HUZQVFKWHQ IXQNWLRQDOLVLHUWHQ 'LRUJDQR]LQNYHUELQGXQJHQ
HUJHEHQ
'LDOO\O]LQNOlVVWVLFKDXFKGXUFKGLH8PVHW]XQJYRQ$OO\OPDJQHVLXPEURPLGPLWZDVVHUIUHLHP
=LQNFKORULG GDUVWHOOHQ 'XUFK /LWKLXP=LQN$XVWDXVFKUHDNWLRQHQ ZLUG EHLVSLHOZHLVH
'LIXU\O]LQNV\QWKHWLVLHUW
+\GUR]LQNLHUXQJUHDNWLRQHQ KDEHQ DXFK HLQ EHPHUNHQVZHUWHV V\QWKHWLVFKHV 3RWHQWLDO MHGRFK
PDQJHOWHVGDEHLQRFKDQGHU$OOJHPHLQJOWLJNHLWGLHVHV5HDNWLRQVW\SV
:DVVHUVWRII=LQN$XVWDXVFKUHDNWLRQHQZHUGHQ QXU VHOWHQ LQ GHU6\QWKHVH YRQ'LRUJDQR]LQN
YHUELQGXQJHQ HLQJHVHW]W XQG QXU ZHQLJH 0RQR RGHU 'LDONLQ\O]LQNUHDJHQ]LHQ ZHUGHQ
DQKDQGGLHVHU0HWKRGHGDUJHVWHOOW
 6WUXNWXUYRQ0RQRXQG'LRUJDQR]LQN9HUELQGXQJHQ





RUJDQLVFKHQ 5HVW 5 XQG HLQH HOHNWURQHJDWLYH ;*UXSSH NRRUGLQDWLY XQJHVlWWLJW 'DGXUFK
QHLJHQ GLH 0RQRRUJDQR]LQNYHUELQGXQJHQ VWDUN ]XU .RRUGLQDWLRQ ]ZLVFKHQ GHQ =LQNDWRPHQ
XQG GHQ HOHNWURQHJDWLYHQ +DORJHQ$WRPHQ ; (WK\O]LQNLRGLG EHLVSLHOZHLVH ELOGHW HLQ





ZREHL GLH IXQNWLRQHOOHQ *UXSSHQ PLW GHP =LQNDWRP
NRRUGLQLHUHQ ,P &\DQRHWK\O]LQNLRGLG $EE E  LVW GDV
=LQN$WRP PLW GHP 6WLFNVWRII GHU &\DQR*UXSSH GHV
EHQDFKEDUWHQ 2UJDQR]LQNKDORJHQLG0ROHNOV NRPSOH[LHUW ZDV
VLFKGXUFKGLH$XVELOGXQJHLQHU3RO\PHUNHWWH LP.ULVWDOO ]HLJW




XQG $PLQHQ ELOGHQ $ON\O XQG $U\O]LQN
KDORJHQLGH  PRQRPHUH .RPSOH[H 'LH
.RRUGLQDWLRQVJHRPHWULH GHV 3HQWDGLHQ\O
]LQNFKORULG.RPSOH[HV PLW HLQHP ELGHQWDWHQ
'RQRUOLJDQGHQ ] % 70('$ GHXWHW GDUDXI
KLQ $EE  GDVV GDV =LQN$WRP HLQH QXU
OHLFKW YHU]HUUWH WHWUDHGULVFKH .RQILJXUDWLRQ
DXIZHLVW XQG GHU ∠&=Q&:LQNHO EHL 
OLHJW
'LRUJDQR]LQNYHUELQGXQJHQ ]HLJHQ HLQH QXU JHULQJH
7HQGHQ]]XU%LOGXQJYRQ$VVR]LDWHQ ,PPRQRPHUHQXQG
XQVROYDWLVLHUWHQ =XVWDQG OLHJHQ GLH RUJDQLVFKHQ 5HVWH DP
=LQNDWRP QRUPDOHUZHLVH OLQHDU JHEXQGHQ YRU 'DGXUFK
GDVV GLH &=Q%LQGXQJ OHLFKW SRODU LVW N|QQHQ GLH
'LRUJDQR]LQNYHUELQGXQJHQ DP SRVLWLYHQ =LQNDWRP
.RPSOH[ELQGXQJHQ PLW SRODULVLHUEDUHQ 0ROHNOHQ ZLH
(WKHUQRGHU WHUWLlUHQ$PLQHQHLQJHKHQ'LHVH(LJHQVFKDIW
LVW ZHQLJHU DXVJHSUlJW DOV EHL 7ULDON\ODOXPLQLXP RGHU
JDOOLXP9HUELQGXQJHQ 0LW GHU .RPSOH[LHUXQJ lQGHUW
















6SHUULJHUH 6XEVWLWXHQWHQ WUDJHQ GD]X EHL GDVV
GHU ∠&=Q&:LQNHO LQ 'LDON\O]LQNYHUELQ
GXQJHQQRFKNOHLQHUZLUG,QGHP.RPSOH[
YRQ >0H6L&+@=Q XQG ELS\ZLUG GXUFK GLH
6SHUULJNHLW GHU %LVWULPHWK\OVLO\OPHWK\O
*UXSSHQ HLQ ∠&=Q&:LQNHO YRQ 
HUP|JOLFKW
/|VXQJVPLWWHOIUHLHV'LSKHQ\O]LQNLVWDOVHLQ$VVR]LDWDXV]ZHLPRQRPHUHQ'LSKHQ\O]LQNPROH










,P 9HUJOHLFK ]X LQWHUPROHNXODUHU .RPSOH[LHUXQJ YRQ 'LRUJDQR]LQNYHUELQGXQJHQ LVW GLH
LQWUDPROHNXODUH.RPSOH[LHUXQJLPDOOJHPHLQHQVWDELOHU
$EE   .RPSOH[H YRQ 'LSKHQ\O]LQN PLW 'LJO\PH XQG
*O\PH
$EE  =ZHL DVVR]LLHUWH 'LSKHQ\O]LQN
0ROHNOH




'D]X WUlJW GLH VWHULVFKH XQG HQWURSLVFKH
6WDELOLVLHUXQJEHL'DV%LV>GLSKHQ\OSKRVSKLQR
SURS\O@]LQN LVW EHLVSLHOZHLVH DOV YHU]HUUWHU
7HWUDHGHU ]X EHVFKUHLEHQ $EE  ZREHL GHU
∠&=Q&:LQNHOEHWUlJW
 7UDQVPHWDOOLHUXQJGHU2UJDQR]LQNYHUELQGXQJHQ
'LH IXQNWLRQDOLVLHUWHQ 2UJDQR]LQNKDORJHQLGH XQG 'LRUJDQR]LQNYHUELQGXQJHQ VLQG ZLH DOOH
PHWDOORUJDQLVFKHQ 9HUELQGXQJHQ GLH GLHVH )XQNWLRQDOLWlWHQ WROHULHUHQ DXFK JHJHQEHU GHQ
PHLVWHQ(OHNWURSKLOHQUHODWLYXQUHDNWLY
'LHVH NLQHWLVFKH 7UlJKHLW NDQQ GDGXUFK XPJHJDQJHQ ZHUGHQ GDVV GDV =LQNDWRP GHU
XQUHDNWLYHQ VWDELOHQ IXQNWLRQDOLVLHUWHQ 2UJDQR]LQNYHUELQGXQJ GXUFK HLQ UHDNWLYHUHV0HWDOO
HUVHW]W ZLUG 7UDQVPHWDOOLHUXQJ VR GDVV GLH IROJHQGH 8PVHW]XQJ PLW HLQHP (OHNWURSKLO
HUP|JOLFKWZLUG
 KDEHQ 1HJLVKL HW DO IHVWJHVWHOOW GDVV 2UJDQR]LQNKDORJHQLGH GXUFK 3DOODGLXP













'HV ZHLWHUHQ ZXUGHQ QHXH 7UDQVPHWDOOLHUXQJVUHDJHQ]LHQ HQWZLFNHOW .XSIHU6DO]H ZLH
&X%U·0H6 LQ (WKHU+03$ XQG LP EHVRQGHUHQ GLH LQ 7+) O|VOLFKHQ 6DO]H &X&1·Q/L;
.QRFKHOV 5HDJHQ]LHQ $EE  VLQG DP EHVWHQ ]XU 7UDQVPHWDOOLHUXQJ YRQ 2UJDQR]LQN
KDORJHQLGHQJHHLJQHW
'XFK 7UDQVPHWDOOLHUXQJ JHELOGHWH .XSIHU=LQN9HUELQGXQJHQ ]HLJHQ QXU HWZDV JHULQJHUH
5HDNWLYLWlW JHJHQEHU (OHNWURSKLOHQ DOV 2UJDQRFXSUDWH GLH DXV 2UJDQROLWKLXP RGHU
2UJDQRPDJQHVLXP9HUELQGXQJHQ GDUJHVWHOOW ZHUGHQ 6LH N|QQHQ 5HDNWLRQHQ PLW
YHUVFKLHGHQHQ (OHNWURSKLOHQ ZLH (QRQHQ $F\OKDORJHQLGHQ DNWLYLHUWHQ $ONLQHQ





$OO\OKDORJHQLGHQ1LWURDONHQHQ DNWLYLHUWHQ$ONHQ\OLRGLGHQ RGHU +DORJHQDONLQHQ HLQJHKHQ
'D]X VLQG WUDQVPHWDOOLHUWH 2UJDQR]LQNYHUELQGXQJHQ LP *HJHQVDW] ]X 2UJDQROLWKLXP XQG
*ULJQDUG9HUELQGXQJHQYRQEHPHUNXQJVZHUWHUWKHUPLVFKHU6WDELOLWlW
5=Q; 
5=Q  5&X&1=Q5 Q/L;
5&X&1=Q;  Q/L;&X&1  Q/L; 7+)





8QWHUVXFKXQJHQ VLQG GXUFK .XSIHU6DO]H WUDQVPHWDOOLHUWH 2UJDQR]LQNYHUELQGXQJHQ DOV
JHPLVFKWH =Q&X&OXVWHU ]X GHXWHQ (;$)6'DWHQ YRQ &X&1·/L&O ZHLVHQ GDUDXI KLQ





'HU ZHVHQWOLFKH 1DFKWHLO GHU 'LRUJDQR]LQNYHUELQGXQJHQ 5=Q LVW GHU GDVV QXU HLQHU GHU
EHLGHQ5HVWH5YRQ5=QEHUWUDJHQZHUGHQNDQQ'DV LVW LQVEHVRQGHUHEHL VWHUHRVHOHNWLYHQ
5HDNWLRQHQYRQ1DFKWHLOZHQQHLQKRFKIXQNWLRQDOLVLHUWHU5HVW5EHUWUDJHQZHGHQ VROO(LQ
ZHLWHUHU 1DFKWHLO LVW GHU KRKH hEHUVFKXVV DQ 2UJDQR]LQNYHUELQGXQJ  bTXLYDOHQWH GHU
QRWZHQGLJ LVW XPKRKH8PVlW]HXQG6WHUHRVHOHNWLYLWlWHQ ]X HU]LHOHQ2UJDQR]LQNKDORJHQLGH
VLQG]ZDU³|NRQRPLVFK³VLQGMHGRFKZHJHQGHUJHULQJHUHQ5HDNWLYLWlWEHQDFKWHLOLJW
9RQ .QRFKHO HW DO ZXUGH HLQH QHXH .ODVVH GHU JHPLVFKWHQ 2UJDQR]LQNYHUELQGXQJHQ
5=Q&+6L0H HLQJHIKUW GLH VRZRKO KRKH 5HDNWLYLWlW DOV DXFK (IIL]LHQ] DXIZHLVHQ 'HU
7ULPHWK\OVLO\OPHWK\O5HVW&+6L0H IXQJLHUW KLHU DOVQLFKWUDQVIHULHUEDUHU ³'XPP\³/LJDQG






=ZDU YLHO VHOWHQHU DOV LKUH α$QDORJD NRPPHQ β$PLQRVlXUHQ LQ IUHLHU ZLH LQ SHSWLGLVFK
JHEXQGHQHU)RUPLQGHU1DWXUYRU β$ODQLQLVWEHLVSLHOZHLVHHLQH9RUVWXIHGHV9LWDPLQV
3DQWKRWKHQVlXUH XQG GHV &RHQ]\PV $ β$ODQLQ XQG 5β$PLQREXWWHUVlXUH VWHOOHQ
.DWDEROLWH YRQ 8UDFLO XQG 7K\PLQ LQ 7LHUHQ 3IODQ]HQ XQG HLQLJHQ0LFURRUJDQLVPHQ GDU
$PLQREXWWHUVlXUH LVW DOV .DWDEROLW YRQ 9DOLQ JHIXQGHQ ZRUGHQ XQG β/HXFLQ JLOW DOV
9RUVWXIH YRQ α/HXFLQ 6β/\VLQ LVW GDV HUVWH
,QWHUPHGLDW LP DQDHUREHQ .DWDEROLVPXV YRQ 6α/\VLQ
LQ&ORVWULGLDXQGLVWHLQ%DXVWHLQHLQHUEUHLWHQ3DOHWWHYRQ
$QWLELRWLNDZLH6WUHSWRWKULFLQ0HWK\OβDODQLQLVWHLQ
ZHLWHUHU .DWDEROLW XQG ZXUGH DXV PHQVFKOLFKHP 8ULQ
LVROLHUW,QK|KHUHQ2UJDQLVPHQWULWWβ$ODQLQLQ)RUPGHU
'LSHSWLGH &DUQRVLQ β$ODQ\OKLVWLGLQ XQG $QVHULQ
β$ODQ\OPHWK\OKLVWLGLQLP0XVNHOJHZHEHDXI
'LH PHLVWHQ QDWUOLFK YRUNRPPHQGHQ β$PLQRVlXUHQ VLQG %DXVWHLQH ELRORJLVFK DNWLYHU
3HSWLGHRGHU'HSVLSHSWLGHGLHDXVPDULQHQ2UJDQLVPHQRGHU3IODQ]HQLVROLHUWZXUGHQ
&U\SWRSK\FLQHD VLQG DQWLWXPRUDNWLYH XQG
IXQJL]LGHF\FOLVFKH'HSVLSHSWLGHXQGZXUGHQDXV
GHQ &\DQREDNWHULHQ 1RVWRF VS LVROLHUW
&U\SWRSK\FLQH ]HLJHQ HLQH KRKH$NWLYLWlW JHJHQ
PHKUHUH .UHEV/LQLHQ ]X GHQHQ DXFK HLQLJH
PXOWLUHVLVWHQWH PXOWLSOH GUXJ UHVLVWHQW 7XPRUH
JHK|UHQE 'HU :LUNXQJVPHFKDQLVPXV GHU
&U\SWRSK\FLQHEHUXKWDXIGHU,QKLELHUXQJGHU7XEXOLQ3RO\PHULVDWLRQF
β3KHQ\OJO\FLQ 5$PLQRSKHQ\OSURSDQVlXUH LVW HLQ %HVWDQGWHLO HLQHU *UXSSH
F\FOLVFKHU 3HQWDSHSWLGH $VWLQ $ % XQG & VRZLH $VWHULQ GLH DXV GHU +HLOSIODQ]H $VWHU
































'DV LP PDULQHQ 6FKZDPP -DVSLV VS YRUNRPPHQGH
-DVSODNLQROLG KDW LQ VHLQHU 6WUXNWXU β7\URVLQ DOV
%DXVWHLQ -DVSODNLQROLG LVW DXIJUXQG VHLQHU DQWLKHOPLQ
WLVFKHQ LQVHNWL]LGHQ LFKWLRWR[LVFKHQ XQG IXQJL]LGHQ
(LJHQVFKDIWHQYRQ,QWHUHVVH
(LQHJURHβ$ODQLQHQWKDOWHQGH6XEVWDQ]NODVVHVLQGGLH
DXV 3LO]HQ 2RVSRUD GHVWUXFWRU LVROLHUWHQ +H[DSHSWLGH
'HVWUX[LQH





$QWLWXPRUDNWLYLWlW ZDKUVFKHLQOLFK GLH PHLVWXQWHUVXFKWH
9HUELQGXQJEHUKDXSW XQG HQWKlOW LQ VHLQHP*HUVW GLH IU
GLH $QWLWXPRU:LUNXQJ HVVHQWLHOOH 3KHQ\OLVRVHULQ6HLWHQNHWWH 3HSVWDWLQ %HVWDWLQ XQG
.HUDPDPLG)VLQGZHLWHUH%HLVSLHOHIUSHSWLGLVFKH(Q]\PLQKLELWRUHQ
:HLWHUKLQ VLQG β$PLQRVlXUHQ ZLFKWLJH %DXVWHLQH IU β/DFWDPH GLH DXFK LQ GHU 1DWXU
YRUNRPPHQXQGLQWHUHVVDQWHELRORJLVFKHPHLVWDQWLELRWLVFKH$NWLYLWlWDXIZHLVHQ










GHV 0ROHNOJHUVWHV DXHU EHL F\FOLVFKHQ β$PLQRVlXUHQ VFKZlFKHUH $FLGLWlW GHU


























$VWLQ$5 +5 2+5 +
$VWLQ%5 2+5 +5 +
$VWLQ&5 +5 +5 +




3HSWLGH GLH DXVVFKOLHOLFK DXVβ$PLQRVlXUHQ DXIJHEDXW VLQGZHLVHQ LQWHUHVVDQWH XQG DXFK
QHXDUWLJH6HNXQGlUVWUXNWXUHQXQG+HOLFHVKHOL[HVD+DDUQDGHOVFKOHLIHQ
KDLUSLQV )DOWEOlWWHU SOHDWHG VKHHWVDE  6FKOHLIHQ WXUQV RGHU 5|KUHQ WXEHV
DXIEF 'LHVH9LHOIDOWDQEHREDFKWHWHQ6HNXQGlUVWUXNWXU7\SHQ]HLJHQGDVVβ$PLQRVlXUHQ
]XPLQGHVWlKQOLFKHV6WUXNWXUELOGXQJVSRWHQWLDOEHVLW]HQZLHGLHα$PLQRVlXUHQ





















































EHULFKWHWHEHU GDV HUVWH%HLVSLHO HLQHU VW|FKLRPHWULVFKHQ HQDQWLRVHOHNWLYHQ$GGLWLRQPLW
−6SDUWHLQDOVFKLUDOHU%DVHZREHLGHU(QDQWLRPHUHQEHUVFKXVVQXUELV]X  HHEHWUXJ
%HUJVRQHW DO EHULFKWHWHQEHUGLH HUVWHNDWDO\WLVFKH VWHUHRVHOHNWLYH$GGLWLRQXQWHU









'LHVHQ3XEOLNDWLRQHQ IROJHQGZXUGH HLQH9LHO]DKO HUIROJUHLFKHU0HWKRGHQ (QDQWLRVHOHNWLYL
WlWVZHUWH WHLOZHLVH EHU   HH ]XU VWHUHRVHOHNWLYHQ NRQMXJLHUWHQ $GGLWLRQ EDVLHUHQG DXI
FKLUDOHQ $X[LOLDUHQ RGHU VW|FKLRPHWULVFK HLQJHVHW]WHQ FKLUDOHQ 5HDJHQ]LHQ HQWZLFNHOW
2EZRKO GLHVH 6WUDWHJLHQ DQJHVLFKWV GHU KRKHQ (QDQWLRVHOHNWLYLWlWHQ VLFK DOV JXW HUZLHVHQ
KDEHQPVVHQPHLVWVW|FKLRPHWULVFKH0HQJHQDQFKLUDOHQ5HDJHQ]LHQHLQJHVHW]WZHUGHQGLH
VLFKLQGHU5HJHOQLFKWUHJHQHULHUHQODVVHQ(LQZHLWHUHU1DFKWHLOGHUEHVFKULHEHQHQ5HDNWLRQHQ
LVW LKUH KRKH 6XEVWUDWVSH]LILWlW VR GDVV QXU PLW HLQHP RGHU ZHQLJHQ 6XEVWUDWHQ KRKH
(QDQWLRVHOHNWLYLWlWVZHUWHPLWGHPVHOEHQNDWDO\WLVFKHQ6\VWHPHU]LHOWZHUGHQNRQQWHQ
'HP]XIROJH LVW HLQHV GHU SULQ]LSLHOOHQ =LHOH GHU KHXWLJHQ )RUVFKXQJ DXI GHP *HELHW
VWHUHRVHOHNWLYHU $GGLWLRQHQ GLH(QWZLFNOXQJ FKLUDOHU.DWDO\VDWRUHQ RGHU5HDJHQ]LHQ GLH
GLHNRQMXJLHUWH$GGLWLRQPLWKRKHU6WHUHRNRQWUROOHHUP|JOLFKHQXQGDXIHLQHP|JOLFKVWEUHLWHUH




,Q GHQ OHW]WHQ -DKUHQ ZXUGHQ HLQH 5HLKH YRQ .DWDO\VDWRUHQ IU VWHUHRVHOHNWLYH NRQMXJLHUWH
$GGLWLRQHQ HQWZLFNHOW 7UDQVIRUPDWLRQHQ LQ GHU VWHUHRVHOHNWLYHQ NDWDO\WLVFKHQ $GGLWLRQ
EDVLHUHQPHLVWHQVDXI]ZHL3ULQ]LSLHQ
$ (QDQWLRVHOHNWLYH 5HDNWLRQHQ YRQ VWDELOLVLHUWHQ &1XNOHRSKLOHQ NDWDO\VLHUW GXUFK FKLUDOH







































ZHUGHQ 9RQ GHU OLJDQGHQEHVFKOHXQLJWHQ .DWDO\VH VSULFKW PDQ QXU ZHQQ GLH
*HVDPWJHVFKZLQGLJNHLW GHU 3URGXNWELOGXQJ LQ*HJHQZDUW GHV /LJDQGHQυ0/ JU|HU DOV GLH
*HVFKZLQGLJNHLWGHU5HIHUHQ]UHDNWLRQRKQHGHQEHWUHIIHQGHQ/LJDQGHQυ0υ0/!υ0LVW'HU
*HVFKZLQGLJNHLWVYHUJOHLFK PXVV IU 5HDNWLRQHQ GXUFKJHIKUW ZHUGHQ GLH LQ GHU
5HIHUHQ]UHDNWLRQ XQG LQ GHU OLJDQGHQEHVFKOHXQLJWHQ 9HUVLRQ ]XP VHOEHQ 3URGXNW IKUHQ
%HVRQGHUV DWWUDNWLYH 0|JOLFKNHLWHQ HU|IIQHQ VLFK ZHQQ GHU EHVFKOHXQLJHQGH /LJDQG
JOHLFK]HLWLJGHQVWHUHRFKHPLVFKHQ9HUODXIGHU5HDNWLRQEHHLQIOXVVW
,QGHQ5HDNWLRQHQGLHGXUFKG\QDPLVFKH/LJDQGHQDXVWDXVFKSUR]HVVHJHNHQQ]HLFKQHWVLQGLVW
GDEHL HQWVFKHLGHQG GDVV XQWHU GHQ YLHOHQ LQ /|VXQJ JHELOGHWHQ.RPSOH[HQ HLQHU EHVRQGHUV
UHDNWLYXQG]XJOHLFKVHOHNWLY LVWZDVDOVÄLQVLWX6HOEVWVHOHNWLRQ³EH]HLFKQHWZLUG:HQQHLQ
FKLUDOHU /LJDQG ]XU5HDNWLRQ ]XJHIKUWZLUG NDQQ HLQ VWHUHRVHOHNWLYHU 5HDNWLRQVDEODXI EHU
HLQHQQLFKWVHOHNWLYHQGRPLQLHUHQ











'LH 5HDNWLRQ PLW 'LHWK\O]LQN RKQH $GGLWLY/ YHUOlXIW LQ 7ROXHQ ODQJVDP XQG OLHIHUW QXU
PLVHUDEOH$XVEHXWH   &:HQQ MHGRFKGDV6XOIRQDPLG/ LQNDWDO\WLVFKHQ0HQJHQ
]XJHJHEHQZLUGOLHIHUWGLHEHVFKOHXQLJWH5HDNWLRQGDVHUZQVFKWH3URGXNWPLWKHUYRUUDJHQGHU







.DWDO\VH HU]LHOW 'DV HUVWH %HLVSLHO IU GLH 8P
VHW]XQJ GLHVHV 7\SV VWDPPW YRQ /LSSDUG HW DO
'HU /LJDQG / ZXUGH YRQ HLQHP 11'LDON\O
DPLQRWURSRQ DEJHOHLWHW 'LH GXUFK GHQ LQ VLWX
HQWVWDQGHQHQ FKLUDOHQ .XSIHU,.RPSOH[
NDWDO\VLHUWH$GGLWLRQYRQ*ULJQDUG5HDJHQ]LHQDQ&\FORKH[HQRQHUJDEGDVβ.HWRQPLW











3IDOW] HW DO VHW]WHQ HLQHQYRQ2[D]ROLQ DEJHOHLWHWHQ/LJDQG/
HLQXQGHUKLHOWHQ  HH'LH(QDQWLRVHOHNWLYLWlWZDUMHGRFK
VWDUNYRQGHU5LQJJU|HGHV&\FORDONHQRQVDEKlQJLJ
9RQ .DQDL XQG 7RPLRND HLQJHVHW]WH 3KRVSKLQH /
HUUHLFKWHQ (QDQWLRPHUHQEHUVFKVVH YRQ ELV ]X
  HH/LJDQGHQNRQQWHQPLWKRKHQ$XVEHXWHQXQG
RKQH9HUOXVWHDQRSWLVFKHU5HLQKHLWUHJHQHULHUWZHUGHQ
(LQH 5HLKH YRQ DQGHUHQ 6XEVWDQ]NODVVHQ ZXUGH DOV /LJDQGHQ LQ HLQHU NDWDO\WLVFKHQ


















 2UJDQR]LQNYHUELQGXQJHQ LQ GHU HQDQWLRVHOHNWLYHQ NXSIHUNDWDO\VLHUWHQ
$GGLWLRQ
,P /DXIH GHV OHW]WHQ -DKU]HKQWV LVW GLH HQDQWLRVHOHNWLYH .QSIXQJ HLQHU &&%LQGXQJ PLW
2UJDQR]LQNUHDJHQ]LHQ HLQH GHU HUIROJUHLFKVWHQ 0HWKRGHQ LQ GHU DV\PPHWULVFKHQ 6\QWKHVH
JHZRUGHQ
'LHHUVWHQ9HUVXFKHGHUDV\PPHWULVFKHQ.DWDO\VHPLW2UJDQR]LQN
YHUELQGXQJHQ ZXUGHQPLW FKLUDOHQ 1LFNHO.DWDO\VDWRUHQ GXUFKJH
IKUW $OH[DNLVHWDOEHULFKWHWHQEHUGLHHUVWHNXSIHUNDWDO\VLHUWH
HQDQWLRVHOHNWLYH NRQMXJLHUWH $GGLWLRQ YRQ 'LHWK\O]LQN DQ &\FORKH[HQRQ0LW  PRO 
.DWDO\VDWRU / ZXUGHQ (QDQWLRVHOHNWLYLWlWHQ YRQ   HH HUKDOWHQ (LQ DF\FOLVFKHV (QRQ
&KDONRQ'LSKHQ\OSURSHQRQOLHIHUWHMHGRFKQXUGDVUDFHPLVFKH3URGXNW
(LQLJH ZHLWHUH /LJDQGHQ ZXUGHQ LQ NXSIHUNDWDO\VLHUWHQ
$GGLWLRQHQ DP &\FORKH[HQRQ JHWHVWHW 1HXDUWLJH
16KDOWLJH /LJDQGHQ ZXUGHQ YRQ )HULQJD XQG .HOORJJ
HQWZLFNHOW'LH3\ULG\OWKLD]ROLGLQRQH/]HLJHQQXU
PRGHUDWH(QDQWLRVHOHNWLYLWlWVZHUWH$OV.XSIHU4XHOOHGLHQW.XSIHU,WULIODW
9RQ 6HZDOG HW DO HLQJHVHW]WH FKLUDOH 6XOIRQDPLGH /
OLHIHUWHQ(QDQWLRVHOHNWLYLWlWHQELV]X  HH'DEHLZXUGH
HLQ LQWHUHVVDQWHU .XSIHUVDO](IIHNW EHREDFKWHW %HL GHU
9HUZHQGXQJ YRQ FKLUDOHP .DWDO\VDWRU PLW GHUVHOEHQ
.RQILJXUDWLRQ OLHIHUWH &X&1 GDV 5(WK\OF\FORKH[DQRQ
ZlKUHQGDQGHUH.XSIHUVDO]HGLH%LOGXQJGHV6NRQILJXULHUWHQ3URGXNWHUJDEHQ
)HULQJD HW DO YHUZHQGHWHQ QHXDUWLJH YRQ NRPPHU]LHOO
HUKlOWOLFKHP7$''2/DEJHOHLWHWH3KRVSKRUDPLGLWH/
DOV /LJDQGHQ IU GLH JOHLFKH 7HVW$GGLWLRQVUHDNWLRQ DQ
&\FORKH[HQRQ (VZXUGHQ(QDQWLRVHOHNWLYLWlWHQ YRQ
ELV ]X   HH 5 5 0H $U 3K HUUHLFKW































0ROHNXODUVLHE c GLH (QDQWLRVHOHNWLYLWlWVZHUWH ELV DXI   HH $OV 8UVDFKH IU GLHVHQ
(IIHNW ZLUG GLH $GVRUSWLRQ YRQ :DVVHUVSXUHQ GXUFK 0ROHNXODUVLHE LP 5HDNWLRQVJHPLVFK
YHUPXWHW
6WUXNWXUHOO lKQOLFKH 7$''2/'HULYDWH ZXUGHQ DXFK YRQ
$OH[DNLV HW DO HLQJHVHW]W 'DV 3KRVSKLWGHULYDW YRQ
3KHQ\OF\FORKH[DQRO / 5 0H OLHIHUWH   HH
'XUFK DQGHUH JHWHVWHWH5HVWH5ZXUGHQ(QDQWLRVHOHNWLYL









LQ GHU FKHPLVFKHQ 6\QWKHVHDE XQG$QDO\WLN HUIDKUHQF ,Q GHU DV\PPHWULVFKHQ 6\QWKHVH
JHK|UW %,12/ QHEHQ %LVGLSKHQ\OSKRVSKLQRELQDSKWKDOHQ %,1$3 ]X GHQ
PHLVWYHUZHQGHWHQ/LJDQGHQ
'LHHUVWHQ5HDNWLRQHQYRQ%,12/'HULYDWHQLQGHUVWHUHRVHOHNWLYHQ$GGLWLRQZXUGHQYRQ
)HULQJD HW DOGXUFKJHIKUW $EE 'XUFK9HUZHQGXQJNDWDO\WLVFKHU0HQJHQYRQ%,12/





































  HHXQG&KDOFRQ   HH'DPLW LVW/GHU
HUVWH /LJDQG PLW YHUJOHLFKEDUHU (IIL]LHQ] EHL GHU
$GGLWLRQ DQ F\FOLVFKH VRZLH DF\FOLVFKH (QRQH
'LH NXSIHUNDWDO\VLHUWH 5HDNWLRQ RKQH /LJDQG LVW





]HQWUHQ LP $PLQ OLHHQ VLFK GLH (QDQWLRVHOHNWLYL




QR]LQNYHUELQGXQJHQ DQ &\FORKH[HQRQ HU]LHOW
ZHUGHQ ELV !  HH %HL IQI XQG VLHEHQJOLHGULJHQ (QRQHQ ZHUGHQ MHGRFK JHULQJH




OLHIHUWHQ GLH 8QWHUVXFKXQJHQ NHLQH HLQGHXWLJH $XVVDJHQ EHU GHQ =XVDPPHQKDQJ YRQ
6XEVWLWXHQWHQJU|HLQ3RVLWLRQHQXQG(IIHNWLYLWlWGHV/LJDQGHQ
,Q *HJHQZDUW GHV 3KRVSKLWV / PLW
2[D]ROLQ6WUXNWXU GDV YRQ3IDOW] HW DO
HQWZLFNHOW ZXUGH YHUODXIHQ GLH
$GGLWLRQHQ YRQ 'LPHWK\O XQG
'LHWK\O]LQN DQ &\FORKH[HQRQ PLW
(QDQWLRVHOHNWLYLWlWHQ YRQ   HH E]Z
  HH'LH(QDQWLRVHOHNWLYLWlWVZHUWH



























DV\PPHWULVFKH 0HWKRGH SXEOL]LHUW 6HZDOG HW
DO EHULFKWHWHQ EHU GLH $QZHQGXQJ GHU YRQ
)HULQJD HW DO HQWZLFNHOWHQ 3KRVSKRUDPLGLW
/LJDQGHQ LQ GHU NXSIHUNDWDO\VLHUWHQ $G
GLWLRQ YRQ 'LHWK\O]LQN DQ 1LWURDONHQH 'HU
/LJDQG / OLHIHUW EHL GHU $GGLWLRQ DQ











$EE  (QDQWLRVHOHNWLYH NDWDO\WLVFKH $GGLWLRQ YRQ 'LHWK\O]LQN DQ 1LWURDONHQH YRQ
6HZDOGHWDO
(LQH /LJDQGHQELEOLRWKHN V\QWKHWLVLHUW YRQ
*HQQDUL HW DO ZXUGH GHP 6FUHHQLQJ DQ HLQHU
5HLKH YRQ DURPDWLVFKHQ 1LWURDONHQHQ ]XU
NDWDO\WLVFKHQ $GGLWLRQ XQWHUZRUIHQ
$EE 






























EHUUDVFKHQG JXWHV (UJHEQLV OLHIHUWH GHU /LJDQG / GHU DXFK HUIROJUHLFK LQ
UKRGLXPNDWDO\VLHUWHQ +\GURVLO\OLHUXQJHQ XQG +\GURIRUP\OLHUXQJHQ HLQJHVHW]W ZXUGH 'LH
$GGLWLRQ DQ&\FORKH[\OQLWURHWKHQYHUOlXIWPLW HLQHU(QDQWLRVHOHNWLYLWlW YRQ  HHEHL
HLQHU$XVEHXWHYRQ 
$Q HLQHU 5HLKH YRQ DURPDWLVFKHQ $ONHQHQ KDW VLFK GHU /LJDQG / YRQ )HULQJD HW DO
V .DSLWHO EHZlKUW'LH(QDQWLRVHOHNWLYLWlWHQHUUHLFKHQELV]X  HH
 0HFKDQLVWLVFKH $VSHNWH GHU .XSIHU,NDWDO\VLHUWHQ $GGLWLRQ YRQ 'LDON\O
]LQN9HUELQGXQJHQDQ(QRQH
'HU0HFKDQLVPXV HLQHU GXUFK.XSIHU,3KRVSKRUDPLGLW.RPSOH[H NDWDO\VLHUWHQ $GLWLRQ
YRQ'LDON\O]LQNDQ(QRQHZXUGHYRQ)HULQJDHWDOSRVWXOLHUWXQGNDQQDP&\FORKH[HQRQ
%HLVSLHOHUOlXWHUWZHUGHQ$EE 
=XHUVW ZLUG HLQ 5HVW 5 YRQ =LQN DXI GDV .XSIHU,,RQ WUDQVIHULHUW 'DV JHELOGHWH
.XSIHUGHULYDW NRRUGLQLHUW DQ GDV (QRQ GXUFK GLH pi.RPSOH[LHUXQJ DQ GLH
&&'RSSHOELQGXQJ 'DV =LQN,,$WRP GDV HLQH /HZLV$FLGLWlW EHVLW]W DNWLYLHUW
ZDKUVFKHLQOLFKGDV(QRQGXUFKGLH.RPSOH[LHUXQJDQGHU&DUERQ\O*UXSSH
























$EE  'HU SRVWXOLHUWH 5HDNWLRQVPHFKDQLVPXV GHU HQDQWLRVHOHNWLYHQ &XNDWDO\VLHUWHQ
$GGLWLRQ
'LHJHULQJHUH(OHNWURQHJDWLYLWlWYRQ=LQNJHJHQEHU.XSIHUWUlJWGD]XEHLGDVVGDV
=LQN XQG QLFKW GDV .XSIHU(QRODW JHELOGHW ZLUG 3URWRQLHUXQJ GHV (QRODWV IKUW ]XP
βVXEVWLWXLHUWHQ3URGXNW
 6\QWKHVHPHWKRGHQYRQ1LWURDONHQHQ





(LQ ZHLWHUHU )DNWRU GHU $QZHQGEDUNHLW YRQ 1LWUR9HUELQXQJHQ LVW GLH EUHLWH 3DOHWWH DQ
YHUVFKLHGHQHQ9HUELQGXQJVNODVVHQLQGLH1LWURDONHQHUHODWLYOHLFKWEHUIKUWZHUGHQN|QQHQ





'HU ZLFKWLJVWH 6\QWKHVHZHJ ]XU 'DUVWHOOXQJ YRQ 1LWURDONHQHQ 1LWURDONHQHQ LVW GLH

















































$PLQRDONRKROH GLH OHLFKW GXUFK GLH 5HGXNWLRQ GHU 1LWUR*UXSSH ]XJlQJOLFK VLQG VLQG




α1LWURNHWRQH VLQGZHUWYROOH ,QWHUPHGLDWH LQ HLQHU 5HLKH YRP1DWXUVWRIIV\QWKHVHQZLH YRQ
0DNUROLGHQRGHULQVHNWLGHQ6H[XDOIHURPRQHQ
'LHβ1LWURDONDQROHVHOEVWVLQGDOV)XQJL]LGHYRQ%HGHXWXQJVRZLHDOV,QWHUPHGLDWHLQGHU
6\QWKHVH YRQ $PLQR]XFNHUQ $QWLELRWLND (]RP\FLQD 7XQLFDP\FLQE $ONDORLGHQ
20HWK\OKDPDWLQXQG−20HWK\ODQFLVWURFODGLQVRZLH5LHFKVWRIIHQ-DVPRQ
(LQH NODVVLVFKH 1LWURDOGRO5HDNWLRQ LVW GLH .RQGHQVDWLRQ YRQ HLQHP &DUERQ\O6XEVWUDW XQG
HLQHP SULPlUHQ RGHU VHNXQGlUHQ 1LWURDONDQ LQ HLQHP RUJDQLVFKHQ /|VXQJVPLWWHO XQG LQ
$QZHVHQKHLWYRQDQRUJDQLVFKHQLRQLVFKHQ%DVHQZLH$ONDOLPHWDOOK\GUR[LGHQ(UGDONDOLPH
WDOOR[LGHQ +\GURJHQFDUERQDWHQ &DUERQDWHQ $ONR[LGHQ (UGDONDOLPHWDOOK\GUR[LGHQ RGHU
0DJQHVLXP XQG $OXPLQLXPDONR[LGHQ $XFK GLH 9HUZHQGXQJ YRQ RUJDQLVFKHQ
QLFKWLRQLVFKHQ%DVHQZLHSULPlUHQ$PLQHQRGHU7ULHWK\ODPLQLVWEHNDQQW
'LHVH UHODWLY HLQIDFKH XQG ZHQLJ NRVWVSLHOLJH 0HWKRGH KDW MHGRFK XQDWWUDNWLYH
%HVFKUlQNXQJHQ
 %HLGHUEDVHQNDWDO\VLHUWHQ5HDNWLRQNDQQHV ]XU:DVVHUDEVSDOWXQJNRPPHQ(VZLUG HLQ
1LWURDONHQ JHELOGHW GDV OHLFKW SRO\PHULVLHUW 'LH :DVVHUHOLPLQLHUXQJ LVW EHVRQGHUV EHL
NRQMXJLHUWHQ6\VWHPHQIDVWLPPHUGHU)DOO
 ,Q HLQLJHQ )lOOHQ LVW HV NRPSOL]LHUW GLH %DVH YRP 5HDNWLRQVJHPLVFK DE]XWUHQQHQ
hEHUVW|FKLRPHWULVFKH6lXUH]XJDEHIKUW]XU1HI5HDNWLRQ
 $XFK GLH 'LQLWURSURGXNWH ZHUGHQ DOV 1HEHQSURGXNWH EHREDFKWHW LQVEHVRQGHUH EHL
9HUZHQGXQJYRQ'LHWK\ODPLQDOV%DVH
 :HQQ $OGHK\GH LQ GHU 1LWURDOGRO.RQGHQVDWLRQ HLQJHVHW]W ZHUGHQ VWHOOW DXFK GLH
&DQQL]]DUR5HDNWLRQHLQHP|JOLFKH1HEHQUHDNWLRQGDU
 3ULPlUH 1LWURDONDQH N|QQHQ PLW ]ZHL bTXLYDOHQWHQ HLQHU &DUERQ\OYHUELQGXQJ ]X
'LK\GUR[\QLWUR'HULYDWHQUHDJLHUHQ
 'LDOGHK\GHN|QQHQOHLFKW&\FOLVLHUXQJUHDNWLRQHQHLQJHKHQ
,Q GHQ OHW]WHQ -DKUHQ ZXUGHQ HLQLJH PRGLIL]LHUWH 9DULDWLRQHQ GHU 1LWURDOGRO5HDNWLRQ
HQWZLFNHOW 7HWUDPHWK\OJXDQLGLQ GHQGULWLVFKH .DWDO\VDWRUHQ $PEHUO\VW $ VRZLH
1DWULXPK\GUR[LG LQ $QZHVHQKHLW YRQ &HW\OWULPHWK\ODPPRQLXPFKORULG &7$&O ZXUGHQ
HLQJHVHW]W7URW]KRKHU$XVEHXWHQGLHGLHVH0HWKRGHQPLW$OGHK\GHQHUP|JOLFKHQOLHIHUQGLH





hEHU HLQ YLHOYHUVSUHFKHQGHV 9HUIDKUHQ PLW
3URD]DSKRVSKDWUDQHQ DOV QLFKWLRQLVFKH NDWDO\WLVFK
HLQJHVHW]WH%DVHQZXUGHNU]OLFKEHULFKWHW
 'HK\GUDWLVLHUXQJYRQβ1LWURDONDQROHQ












%HL GHU +HUVWHOOXQJ YRQ 1LWURDONHQHQ DOV 6WUXNWXUHOHPHQW GHU .RKOHQK\GUDWH KDW VLFK GLH
(OLPLQLHUXQJ PLW 0HWKDQVXOIRQ\OFKORULG7ULHWK\ODPLQ LQ 'LFKORUPHWKDQD $FHWDQ




1LWURDONHQH VLQG DXFK EHU $FHWR[\QLWURDONHQH GXUFK (VVLJVlXUH(OLPLQLHUXQJ PLW
1DWULXPDFHWDW]XJlQJOLFK
'DGXUFK GDVV 1LWURDONHQH OHLFKW 3RO\PHULVLHUXQJV XQG &\FOLVLHUXQJVUHDNWLRQHQ HLQJHKHQ
ZHUGHQQXU LQ UHODWLY VHOWHQHQ)lOOHQJXWH$XVEHXWHQHUKDOWHQ'LH(OLPLQLHUXQJYRQ:DVVHU
DXV β1LWURDONDQROHQ XQWHU VHKU PLOGHQ %HGLQJXQJHQ LVW PLW 11'LF\FORKH[\OFDUERGLLPLG
'&& EHL JOHLFK]HLWLJHU .DWDO\VH GXUFK .XSIHU,FKORULG LQ DN]HSWDEOHQ ELV VHKU JXWHQ
$XVEHXWHQP|JOLFK


















































&RUH\ HW DO EHULFKWHWHQ EHU GLH 6\QWKHVH YRQ %URPQLWURF\FORSHQWHQ DXVJHKHQG YRQ
'LEURPRF\FORSHQWHQ GDV ]XHUVW GXUFK %URP/LWKLXP$XVWDXVFK PRQROLWKLLHUW XQG








1LWURDONHQH JHK|UHQ ]X GHQ VWlUNVWHQ EHNDQQWHQ 0LFKDHO$N]HSWRUHQ XQG VLQG JHJHQEHU
YLHOHQ1XNOHRSKLOHQUHDNWLYE
+DXSWVlFKOLFK GXUFK GLH UHODWLY OHLFKWH hEHUIKUXQJ GHU 1LWURJUXSSH LQ GLYHUVH DQGHUH






'LH VWHUHRVHOHNWLYH NDWDO\WLVFKH NRQMXJLHUWH $GGLWLRQ
DQ (QRQH ZHFNWH LQ GHU OHW]WHQ 'HNDGH HLQ EUHLWHV
,QWHUHVVH LQ GHU ZHOWZHLWHQ FKHPLVFKHQ
)RUVFKXQJVJHPHLQVFKDIW 'LH HQDQWLRVHOHNWLYH
NDWDO\WLVFKH NRQMXJLHUWH $GGLWLRQ DQ V\QWKHWLVFK
LQWHUHVVDQWH 1LWURDONHQH ZXUGH ELVKHU MHGRFK QXU
ZHQLJXQWHUVXFKW
9RQ)HULQJDHWDOHQWZLFNHOWH.DWDO\VDWRUHQNRPSOH[HDXV3KRVSKRUDPLGLW/LJDQGHQYRP7\S
/ XQG &X,,RQHQ HU]LHOWHQ LQ GHU NDWDO\WLVFKHQ DV\PPHWULVFKHQ $GGLWLRQ YRQ
'LHWK\O]LQNDQ(QRQHGLHELVKHUEHVWHQ(UJHEQLVVH








'HV ZHLWHUHQ VROO GDV 9HUKDOWHQ DQGHUHU 2UJDQR]LQNYHUELQGXQJHQ GDUXQWHU DXFK








1LWURDONHQH HUPLWWHOW ZHUGHQ +LHU NRPPHQ YRU DOOHP GLH 7ULPHWK\OVLO\OPHWK\O
2UJDQR]LQNYHUELQGXQJHQ5=Q&+706 LQ%HWUDFKW'D GLH7ULPHWK\OVLO\OPHWK\O*UXSSH DOV
QLFKW EHUWUDJHQGHU 5HVW IXQJLHUW NDQQ GDGXUFK GHU ÄZHUWYROOH³ RUJDQLVFKH 5HVW HIIHNWLYHU
EHUWUDJHQZHUGHQ
'D GDV 3UREOHP GHU JHULQJHQ .DWDO\VDWRUVSH]LILWlW LQ GHU NDWDO\WLVFKHQ DV\PPHWULVFKHQ





6\QWKHVHQ VR GDVV GHU (UVDW] GHV +$WRPV GXUFK HLQH JU|HUH *UXSSH ]% 0HWK\O ]X
HQWVFKHLGHQGHQ VWUXNWXUHOOHQ 9HUlQGHUXQJHQ GHU VWHUHRGLIIHUHQ]LHUHQGHQ (LQKHLW XQG
JOHLFK]HLWLJ]XYHUEHVVHUWHU6WHUHRVHOHNWLYLWlWIKUHQNDQQ

























'LH ++.RSSOXQJVNRQVWDQWHQ YRQ YLFLQDOHQ 3URWRQHQ GHU 'RSSHOELQGXQJ LP +105
6SHNWUXPYRQGHXWHQGDUDXIKLQGDVVHVVLFKDXVVFKOLHOLFKXPGDV(1LWURDONHQKDQGHOW
-++  +]





















)U GLH :DVVHUHOLPLQLHUXQJ DXV GHP 1LWURDONRKRO  ZLUG HLQH PLOGH
'HK\GUDWLVLHUXQJVPHWKRGH DQJHZHQGHW 'LH 'HK\GUDWLVLHUXQJ JHOLQJW PLW




'LH ++.RSSOXQJVNRQVWDQWHQ GHU YLFLQDOHQ 3URWRQHQ GHU 'RSSHOELQGXQJ LP +105
6SHNWUXPEHWUDJHQ +]ZDVZLHGHUXPIUGDV(1LWURDONHQVSULFKW
(UKHEOLFKH6FKZLHULJNHLWHQWUHWHQEHLGHU6\QWKHVHGHV1LWURDONHQV
DXI 'HU EHL GHU .RQGHQVDWLRQ YRQ *O\R[\OVlXUHHWK\OHVWHU  XQG
1LWURPHWKDQHQWVWHKHQGH1LWURDONRKRO$EE EHVLW]WRIIHQEDU
VFKRQ LQ VFKZDFK EDVLVFKHP 0LOLHX HLQ DXVUHLFKHQG DFLGHV






















%HL GHU 'HK\GUDWLVLHUXQJ GHV 1LWURDONRKROV  PLW '&& LQ (WKHU ZLUG NHLQH 8PVHW]XQJ
EHREDFKWHW $EE  $OV $OWHUQDWLYH ZXUGH YHUVXFKW LQ HLQHU (LQWRSIUHDNWLRQ GLH





































GLH PLOGH (OLPLQLHUXQJ YRQ +&O ]XP JHZQVFKWHQ 3URGXNW  PLW IULVFK JHVFKPRO]HQHP














'LH ++.RSSOXQJVNRQVWDQWHQ GHU YLFLQDOHQ 3URWRQHQ GHU 'RSSHOELQGXQJ LP +105
6SHNWUXP GHXWHQ GDUDXI KLQ GDVV HV VLFK DXVVFKOLHOLFK XP GDV (1LWURDONHQ  KDQGHOW
-++  +]
$OV $XVJDQJVYHUELQGXQJ EHL GHU 6\QWKHVH YRQ 1LWURDONRKRO  GLHQW *O\R[\OVlXUH 
$EE  'LH HEHQIDOOV GXUFK +HQU\5HDNWLRQ GDUJHVWHOOWH +\GUR[\QLWURSURSDQVlXUH
6SH]LHOOHU 7HLO

E]Z GDV .DOLXPVDO]  NDQQ RKQH ,VROLHUXQJ PLW 7KLRQ\OFKORULG XPJHVHW]W ZHUGHQ 'DV














'DV DFHW\OLHUWH 'HULYDW  ZLUG DQDORJ ]X  GDUJHVWHOOW $EE  %HL GHU
(OLPLQLHUXQJVUHDNWLRQGLH]XP1LWURDONHQIKUHQVROOWH WUHWHQJOHLFKH3UREOHPHZLHLP)DOO
YRQ 1LWURDONRKRO  DXI (LQH DOWHUQDWLYH /|VXQJ GLH $EVSDOWXQJ YRQ (VVLJVlXUH GXUFK











































'LH PLOGH %DVL]LWlW GHV )OXRULG$QLRQV XQG GLH 9HUZHQGXQJ YRQ ,VRSURSDQRO DOV




1U 5 %DVH /|VXQJVPLWWHO D $XVEHXWH
 &+ .) L3U2+  E
 &+&+ .) L3U2+  E
 0H22&&+ .) L3U2+  
 + .&2 &+12 − 





'HU ZHVHQWOLFKH 1DFKWHLO GHU +HQU\5HDNWLRQ PLW .DOLXPIOXRULG LQ ,VRSURSDQRO LVW GLH




8PGLH8PHVWHUXQJ ]X YHUPHLGHQPXVV GLH1LWURDOGRONRQGHQVDWLRQ YRQ(VWHUGHULYDWHQPLW
.DOLXPIOXRULGDOV%DVHLQGHPJOHLFKHQ$ONRKROZLHLP(VWHUIUDJPHQWGXUFKJHIKUWZHUGHQ
6R IKUW GLH .RQGHQVDWLRQ YRQ *O\R[\OVlXUHHWK\OHVWHU XQG 1LWURHWKDQ LQ (WKDQRO ]XP
1LWURDONRKRO D PLW HLQHU $XVEHXWH YRQ   'LH $XIDUEHLWXQJ GHU 5HDNWLRQ LVW HWZDV
DQGHUVGD.DOLXPIOXRULGXQWHUGHQJOHLFKHQ%HGLQJXQJHQLQ(WKDQROO|VOLFKLVW
'LH6\QWKHVHGHUHQWVSUHFKHQGHQ1LWURDONHQHJHOLQJWQDFKHLQHUYRQ'HQPDUNEHVFKULHEHQHQ
0HWKRGH $EE E 'HU 1LWURDONRKRO ZLUG EHL  & LQ 'LFKORUPHWKDQ PLW


















JHELOGHW (LQH $XVQDKPH VWHOOW QXU GLH $EVSDOWXQJ GHU 7ULIOXRUHVVLJVlXUH YRQ F GDU 'LH
*&06$QDO\VH]HLJW6SXUHQFD  GHV='LDVWHUHRPHUVF
7DEHOOH 'HK\GUDWLVLHUXQJYRQ1LWURDONRKROHQ
1U 5 5 1LWURDONHQ $XVEHXWH
 &+20H +  
 &22(W +  
 &220H +  
 &22(W &+ D 
 &22(W &+&+ E 








5 ,JHP ,= ,(
+   
$ON\O   
12   
&25D   









6R ]HLJW GDV 1LWURDONHQ D HLQH IDVW H[DNWH hEHUHLQVWLPPXQJ YRQ JHPHVVHQHQ XQG
EHUHFKQHWHQ +9HUVFKLHEXQJVZHUW 7DEHOOH  (LQWUDJ  'LH EHUHFKQHWHQ
+9HUVFKLHEXQJVZHUWH IU 1LWURDONHQ  ]HLJHQ HLQH $EZHLFKXQJ YRQ  SSP ]X GHP
H[SHULPHQWHOOHQ:HUWGHV(,VRPHUVXQGHLQH'LIIHUHQ]YRQ− SSP]XPH[SHULPHQWHOOHQ
:HUW GHU =9HUELQGXQJ 7DEHOOH  (LQWUlJH  XQG  'D DXFK GDV OLWHUDWXUEHNDQQWH
(,VRPHU GHV 1LWURDONHQV  HLQH 'LIIHUHQ] GHU :HUWH YRQ  SSP ]HLJW 7DEHOOH 
(LQWUDJ NDQQGLH9HUELQGXQJXQWHU%HUFNVLFKWLJXQJGHU-++.RSSOXQJYRQ +]DOV
('LDVWHUHRPHULQWHUSUHWLHUWZHUGHQ
=ZDU GDUI GLHVH 0HWKRGH QLFKW DOV DXVVFKODJJHEHQGHU .RQILJXUDWLRQVQDFKZHLV LQWHUSUHWLHUW
ZHUGHQGRFKJLEWVLH]XVlW]OLFKH+LQZHLVHDXIGLH.RQILJXUDWLRQGHU1LWURDONHQH
7DEHOOH %HUHFKQHWH XQG H[SHULPHQWHOO EHVWLPPWH +9HUVFKLHEXQJVZHUWH LQ 1LWURDONHQHQ
V DXFK $EE 








 3K 12 +   
 3K + 12 

− 
 (W22& 12 +   
 (W22& + 12 

− 
 (W22& 12 &+   D





'LH .RQILJXUDWLRQVEHVWLPPXQJ EHL GHQ 1LWURDONHQHQ 
XQGJHOLQJWQLFKWPLWWHOV+105ZHJHQGHUIHKOHQGHQ
YLFLQDOHQ ++.RSSOXQJHQ &*$7('105([SHUL
PHQWH OLHIHUQ GLH.RSSOXQJVNRQVWDQWH -&+ ]ZLVFKHQ GHP
0HWK\O E]Z 0HWK\OHQ.RKOHQVWRIIDWRP XQG GHP




























9LFLQDOH -&+.RSSOXQJVNRQVWDQWHQ YDULLHUHQ LQ LKUHU*U|H LP%HUHLFK YRQ  +]'LH
-&+:HUWHIUYLFLQDOH(6WHOOXQJGHU$WRPHVLQGVWHWVK|KHUDOVLP)DOOHGHU=6WHOOXQJ






'D XQWHU EDVLVFKHQ %HGLQJXQJHQ HLQ GXUFK GLH 1LWURJUXSSH VWDELOLVLHUWHV $QLRQ HQWVWHKHQ
NDQQYHUOlXIWGLHWKHUPRG\QDPLVFKNRQWUROOLHUWH(OLPLQLHUXQJGHU7ULIOXRUHVVLJVlXUH7)$]X
1LWURDONHQHQ K|FKVWZDKUVFKHLQOLFK QDFK GHP (FE0HFKDQLVPXV 'LH ,QWHUSUHWDWLRQ GHU




'HU ]XP =1LWURDONHQ IKUHQGHhEHUJDQJV]XVWDQG$ $EE ZHLVW ]ZLVFKHQ GHU (VWHU



























7ULIOXRUDFHWDWV UHDNWLRQVJHVFKZLQGLJNHLWVEHVWLPPHQGHU 6FKULWW GDV 3URGXNW GDV DXV GHU
VWDELOHUHQDQLRQLVFKHQ=ZLVFKHQVWXIHKHUYRUJHKWSURGXFWGHYHORSPHQWFRQWURO














'LH 3KRVSKRUDPLGLW/LJDQGHQZXUGHQ QDFK HLQHUPRGLIL]LHUWHQ0HWKRGH YRQ)HULQJD HW DO
KHUJHVWHOOW 'LH2ULJLQDOYRUVFKULIW YRQ)HULQJD HW DO ]XU 6\QWKHVH YRQ 3KRVSKRUDPLGLWHQ
NDQQ DOOHUGLQJV QLFKW RKQH ZHLWHUHV UHSURGX]LHUW ZHUGHQ $EE GD KLHU QHEHQ JHULQJHQ
0HQJHQDQHUZDUWHWHP3URGXNWIDVWDXVVFKOLHOLFKGDV$GGXNWJHELOGHWZLUG

:LUG GDV 3URWRNROO GHUDUW YHUlQGHUW GDVV 3KRVSKRUWULFKORULG HUVW PLW HLQHPbTXLYDOHQW GHV

































1DFK GHP PRGLIL]LHUWHQ 3URWRNROO VLQG GLH 'LDVWHUHRPHUH / XQG / DXV 66%LV
SKHQ\OHWK\ODPLQ XQG UDFHPLVFKHP %,12/ ]XJlQJOLFK $EE 'LH HQWVWDQGHQHQ
'LDVWHUHRPHUH N|QQHQ VlXOHQFKURPDWRJUDSKLVFK JHWUHQQWZHUGHQ'LH$XVEHXWHQ EHUWUHIIHQ
GLHYRQ)HULQJDHWDOSXEOL]LHUWHQ:HUWH'LH.RQILJXUDWLRQGHU'LDVWHUHRPHUHZLUGGXUFK














8P GLH DXIZHQGLJH FKURPDWRJUDSKLVFKH 7UHQQXQJ GHU HQWVWDQGHQHQ 'LDVWHUHRPHUH ]X









































:LH GLH +3/&$QDO\WLN XQG'UHKZHUWPHVVXQJHQ ]HLJWHQ IDOOHQ GLH EHLGHQ (QDQWLRPHUH LQ
HLQHU DXVJH]HLFKQHWHU (QDQWLRVHOHNWLYLWlW YRQ !HH DQ V.DSLWHO 'LH JHVDPWH
$XVEHXWHQEHWUDJHQIUGLH6DXQG5D(QDQWLRPHUHE]Z

=XGHPZXUGH HLQHZHLWHUH0HWKRGH IU GLH 6\QWKHVH YRQ 3KRVSKRUDPLGLWHQ DQJHZHQGHW
(LQH6XVSHQVLRQYRQJHWURFNQHWHP%,12/VRZLHNDWDO\WLVFKH0HQJHQDQ10HWK\OS\UUROLGRQ
103 ZHUGHQ LQ PHKUIDFKHP hEHUVFKXVV PLW 3KRVSKRUWULFKORULG VXVSHQGLHUW XQG NXU]
6SH]LHOOHU7HLO

HUZlUPW )OFKWLJH %HVWDQGWHLOH GHV 5HDNWLRQV
JHPLVFKHVZHUGHQLQYDFXRHQWIHUQW'LHDQVFKOLHHQGH
=XJDEHYRQ7ULHWK\ODPLQXQG'LLVRSURS\ODPLQEHL&
XQG PHKUVWQGLJHV 5KUHQ EHL 5DXPWHPSHUDWXU
HUJHEHQGDVJHZQVFKWHUDFHPLVFKH3KRVSKRUDPLGLW
PLW HLQHU $XVEHXWH YRQ  'LHV LVW GLH K|FKVWH





'LH 3RVLWLRQHQ LQ %,12/ XQG VHLQHQ 'HULYDWHQ VLQG YRQ JURHU %HGHXWXQJ IU GLH
6WHUHRVHOHNWLYLWlWLQDV\PPHWULVFKHQNDWDO\WLVFKHQVRZLHVW|FKLRPHWULVFKHQ5HDNWLRQHQD
'LHVHRUWKR3RVLWLRQHQOLHJHQLQXQPLWWHOEDUHU1lKH]XUHDNWLYHQ=HQWUHQGHUDV\PPHWULVFKHQ
6\QWKHVHQ VR GDVV GHU (UVDW] GHV +$WRPV GXUFK HLQH JU|HUH *UXSSH ]X HQWVFKHLGHQGHQ











































JHELOGHWH $QLRQ GXUFK 0HWK\OLRGLG DEJHIDQJHQ 1DFK GHU DQVFKOLHHQGHQ 5HGXNWLRQ GHV
PRGLIL]LHUWHQ &DUEDPDWV  GDV QLFKW LVROLHUW ZXUGH JHODQJW PDQ ]XP
GLPHWK\OPRGLIL]LHUWHQ%,12/PLWHLQHU*HVDPWDXVEHXWHYRQ6WXIHQ


























'HU 7RUVLRQVZLQNHO ]ZLVFKHQ GHQ %,12/
(EHQHQ∠&&&&EHWUlJWGDEHL
%HL GHP &V\PPHWULVFKHQ .RPSOH[  GHV
/LJDQGHQ / XQG .XSIHU,LRGLG VDXFK







 .XSIHUNDWDO\VLHUWH $GGLWLRQ YRQ 2UJDQR]LQNYHUELQGXQJHQ DQ
1LWURDONHQH

 .XSIHUNDWDO\VLHUWH HQDQWLRVHOHNWLYH $GGLWLRQ YRQ 'LRUJDQR]LQNYHUELQ
GXQJHQ

=XHUVW ZXUGHQ LQ HQDQWLRVHOHNWLYHQ $GGLWLRQHQ YRQ 'LRUJDQR]LQNYHUELQGXQJHQ DQ
1LWURDONHQHGLHKRPRFKLUDOH.XSIHU.RPSOH[HPLWDXI%,12/EDVLHUHQGHQ/LJDQGHQ/XQG












,Q ZHLWHUHQ $GGLWLRQVYHUVXFKHQ YRQ 'LDON\O]LQNYHUELQGXQJHQ DQ 1LWURDONHQH ZXUGHQ GLH
PRGLIL]LHUWHQ /LJDQGHQ / XQG / JHWHVWHW 'DEHL VROOWH GHU (LQIOXVV GHU HLQJHIKUWHQ
0HWK\O6XEVWLWXHQWHQ LP ELQROLVFKHQ 5LQJV\VWHP DXI GLH (QDQWLRVHOHNWLYLWlW GHU $GGLWLRQHQ
XQWHUVXFKWZHUGHQ














ZXUGH YRQ 3URI$3IDOW] 8QLYHUVLWlW
%DVHO 6FKZHL] IUHXQGOLFKHUZHLVH ]XU
9HUIJXQJ JHVWHOOW XQG LQ GLH





ODQJVDP YHUOlXIW XQG ]X YLHOHQ 1HEHQSURGXNWHQ IKUW NDQQ EHL NXSIHUNDWDO\VLHUWHQ
$GGLWLRQHQPLW FKLUDOHQ /LJDQGHQ DQ1LWURDONHQH VFKRQ QDFK  6WXQGHQ NHLQ (GXNW
PHKU QDFKJHZLHVHQ ZHUGHQ $EE =XGHP HQWVWHKHQ ZlKUHQG GHU 6\QWKHVH NHLQH
1HEHQSURGXNWH
'HU /LJDQG XQG GDV .XSIHU6DO] ZHUGHQ LQ GHU HQWVSUHFKHQGHQ0HQJH GHV /|VXQJVPLWWHOV
JHO|VW XQG K EHL 5DXPWHPSHUDWXU JHUKUW 'DQQ ZLUG GLH /|VXQJ GHV .RPSOH[HV DXI
5HDNWLRQVWHPSHUDWXU JHEUDFKW 'LH 'LHWK\O]LQN/|VXQJ LQ +H[DQ a0 ZLUG ]XP
5HDNWLRQVJHPLVFKODQJVDP]XJHWURSIWXQG0LQXWHQJHUKUW$QVFKOLHHQGZLUGGLH/|VXQJ
GHV 0LFKDHO$N]HSWRUV LQ JHHLJQHWHP /|VXQJVPLWWHO ODQJVDP ]XJHWURSIW 'LH




















$OV EHVWH.XSIHU4XHOOH KDW VLFK .XSIHU,,WULIODW HUZLHVHQ 'LHV LVW XQWHU DQGHUHP DXI GLH









'LH HUVWHQ$GGLWLRQVYHUVXFKH DQ1LWURDONHQZXUGHQPLWGHP/LJDQGHQ/ GXUFKJHIKUW
$EE GHU VLFK EHL GHQ HQDQWLRVHOHNWLYHQ $GGLWLRQHQ DQ DQGHUH1LWURDONHQH EHZlKUW



































1U 5=Q /LJDQG /|VXQJVPLWWHO 7& HH ,VRPHU $XVEHXWH
 (W=Q / 7ROXHQ    
 (W=Q / 7ROXHQ    
 (W=Q / 7ROXHQ   − 
 (W=Q / (WKHU    
 (W=Q / (WKHU    
 (W=Q / 7+)   − 
 0H=Q / (WKHU    
 (W=Q /D 7ROXHQ    
DPRODQ&X27IXQGPRODQ/LJDQG






















%HL GHU $GGLWLRQ NDWDO\VLHUW GXUFK GHQ /LJDQGHQ/ VRZLH GXUFK GHQ /LJDQGHQ/
ZLUGGDV 5(QDQWLRPHU LPhEHUVFKXVVHUKDOWHQ'LH=XRUGQXQJGHUDEVROXWHQ.RILJXUDWLRQ
HUIROJW GXUFK GHQ 9HUJOHLFK GHU 5HWHQWLRQV]HLW GHV 3URGXNWV  PLW GHQ (UJHEQLVVHQ GHU







1U /LJDQG /|VXQJVPLWWHO 7& HH ,VRPHU 8PVDW]D
 / (WKHU   5 




,QWHUHVVDQWHUZHLVH OLHIHUW GLH 9HUZHQGXQJ YRQ /LJDQGHQ GLH DXV $PLQHQ GHU 555HLKH
EHVWHKHQ / XQG/ GDV $GGLWLRQVSURGXNW LQ GHP GDV 5(QDQWLRPHU LP hEHUVFKXVV


































7DEHOOH (UJHEQLVVH GHU $GGLWLRQ YRQ 'LHWK\O]LQN DQ 1LWURDONHQ  EHL & PLW
/LJDQGHQ/XQG/LQ7ROXHQ

1U /LJDQG HH ,VRPHUYRQ $XVEHXWH
 /   





'HU /LJDQG / IKUW EHL GHU $GGLWLRQ YRQ 'LHWK\O]LQN DQ 1LWURDONHQ  LQ 7ROXHQ ]X
(QDQWLRVHOHNWLYLWlWHQ YRQ HH 7DEHOOH (LQWUDJ JHJHQEHU HH PLW /
7DEHOOH (LQWUDJ 'HU /LJDQG/ HU]LHOW LQ 7ROXHQ HLQHQ (QDQWLRVHOHNWLYLWlWVZHUW YRQ












'HU DU\OPRGLIL]LHUWH /LJDQG  OLHIHUW QXU EHL $GGLWLRQ DQ 1LWURDONHQ  LQ (WKHU HLQHQ
JHULQJHUHQ (QDQWLRVHOHNWLYLWlWVZHUW HH 7DEHOOH (LQWUDJ DOV GHU /LJDQG /
HH7DEHOOH(LQWUDJ

7DEHOOH(UJHEQLVVH GHU $GGLWLRQ YRQ 'LHWK\O]LQN DQ 1LWURDONHQ  EHL & PLW GHQ
/LJDQGHQ/XQG/

1U /LJDQG /|VXQJVPLWWHO HH ,VRPHU $XVEHXWH
 / 7ROXHQ  − 
 / 7ROXHQ  − 
 / (WKHU  − 




'LH EHVWHQ (UJHEQLVVH GHU HQDQWLR
VHOHNWLYHQ NDWDO\WLVFKHQ $GGLWLRQ
YRQ 'LHWK\O]LQN DQ 1LWURDONHQ 
ZHUGHQ PLW GHP /LJDQGHQ / HU]LHOW
'LH$GGLWLRQ LQ(WKHU EHL & OLHIHUW
HLQH(QDQWLRVHOHNWLYLWlWYRQHHXQG
HLQH LVROLHUWH $XVEHXWH YRQ 
7DEHOOH (LQWUDJ $EE 'HU
(LQVDW] GHV GLDVWHUHRPHUHQ /LJDQGHQ
/ IKUW GDJHJHQ ]X HLQHU
(QDQWLRVHOHNWLYLWlW YRQ HH ,Q




7DEHOOH(UJHEQLVVH GHU $GGLWLRQ YRQ 'LHWK\O]LQN DQ 1LWURDONHQ  EHL & PLW
/LJDQGHQ/XQG/

1U /LJDQG /|VXQJVPLWWHO 7& HH ,VRPHU $XVEHXWH
 / (WKHU    
 / (WKHU    D
D8PVDW]*&

%HL GHU $GGLWLRQ YRQ 1XNOHRSKLOHQ DQ WULVXEVWLWXLHUWH 1LWURDONHQH HQWVWHKHQ ]ZHL
















,P5DKPHQGLHVHU$UEHLWZXUGHQ9HUVXFKH ]XU $GGLWLRQ YRQ'LHWK\O]LQN DQ1LWURDONHQ


















EHL GHU $GGLWLRQ DQ 1LWURDONHQ D 7DEHOOH %HLP /LJDQGHQ / VFKZDQNW GDV
'LDVWHUHRPHUHQYHUKlOWQLV GHU $GGLWLRQVSURGXNWH ]ZLVFKHQ  XQG  7DEHOOH








%HL GHP (LQVDW] YRQ /LJDQGHQ/ EHUZLHJW GDJHJHQ GDV (QDQWLRPHUHQSDDU PLW OlQJHUHU
5HWHQWLRQV]HLWLP9HUKlOWQLVV7DEHOOH(LQWUDJ
'LH YDULLHUWHQ 5HDNWLRQVEHGLQJXQJHQ /|VXQJVPLWWHO 7HPSHUDWXU 6W|FKLRPHWULH KDEHQ
RIIHQEDUNHLQHQDXVVFKODJJHEHQGHQ(LQIOXVVDXIGDV'LDVWHUHRPHUHQYHUKlOWQLV1XUEHL(LQVDW]
GHV /LJDQGHQ / LQ 7ROXHQ EHL ±& ZLUG HLQH EHPHUNHQVZHUWH 6WHLJHUXQJ GHU
'LDVWHUHRVHOHNWLYLWlWDXIIHVWJHVWHOOW

1U /LJDQGPRO &X27IPRO /|VXQJVPLWWHO 7& GU 8PVDW]D
 /  (WKHU   E
 /  (WKHU   
 /  7ROXHQ   
 /  7ROXHQ   
 /  (WKHU   
 /  (WKHU   
 /  7+)   
 /  7ROXHQ   
6SH]LHOOHU7HLO

'LH 1DWXU GHV 3KRVSKRUDPLGLW/LJDQGHQ VROO ODXW
SRVWXOLHUWHP .DWDO\VHPHFKDQLVPXV V.DSLWHO
NHLQHQ (LQIOXVV DXI GLH 'LDVWHUHRVHOHNWLYLWlW GHV $GGXNWHV
KDEHQ 'LH 8UVDFKH IU GLH (QWVWHKXQJ GHU
'LDVWHUHRVHOHNWLYLWlW OLHJW LQGHU6WHUHRLQGXNWLRQDXIGDV
WULJRQDOH =HQWUXP GHV 1LWURQDW=ZLVFKHQSURGXNWHV GXUFK GHQ EHQDFKEDUWHQ FKLUDOHQ
.RKOHQVWRIIDWRP






















1U /LJDQGPRO /|VXQJVPLWWHO &X27IPRO 7& GU $XVEHXWH
 / (WKHU    
 / (WKHU    D





















'D EHNDQQW LVW GDVV GLH $XIDUEHLWXQJ PLW VSHUULJHQ 3URWRQLHUXQJVUHDJHQ]LHQ ]X KRKHQ
'LDVWHUHRPHUHQEHUVFKVVHQIKUHQNDQQZXUGHQ9HUVXFKH]XPVWHUHRVHOHNWLYHQ$EIDQJHQ













$XIDUEHLWHQ GHV 5HDNWLRQVJHPLVFKHV PLW ZlVVULJHU JHVlWWLJWHU
$PPRQLXPFKORULG/|VXQJOLHIHUWEHLGHUNDWDO\WLVFKHQ$GGLWLRQ
YRQ'LHWK\O]LQN DQ1LWURDONHQ F HLQ 'LDVWHUHRPHUHQJHPLVFK
YRQLP9HUKlOWQLVYRQ7DEHOOH






1U 3URWRQLHUXQJ GU 8PVDW]D
 1+&ODTJHVlWWLJW  
 3KHQRO  
D8PVDW]*&

'D GLH JDVFKURPDWRJUDSKLVFKH (QDQWLRPHUHQWUHQQXQJ YRQ $GGXNW  DQ GHQ JHWHVWHWHQ
FKLUDOHQ6lXOHQ /LSRGH['/LSRGH[(jP0DFKHUH\1DJHOQLFKWJHOLQJWZXUGHQQXU












'LH (QDQWLRPHUHQEHUVFKVVH ZXUGHQ PLWWHOV *DVFKURPDWRJUDSKLH XQWHU 9HUZHQGXQJ GHU
FKLUDOHQ.DSLOODUVlXOHQ/LSRGH[( 0DFKHUH\	1DJHO P XQG/LSRGH[' 0DFKHUH\	
1DJHO P EHVWLPPW -HGRFK ODVVHQ VLFK QLFKW DOOH GHU V\QWKHWLVLHUWHQ 1LWURYHUELQGXQJHQ
YROOVWlQGLJDXIGHUFKLUDOHQ3KDVHJDVFKURPDWRJUDSKLVFKWUHQQHQ'LHUHODWLYKRKH)OFKWLJNHLW
GHU PHLVWHQ 9HUELQGXQJHQ HUIRUGHUQ QLHGULJH 7UHQQXQJVWHPSHUDWXUHQ XP EHUKDXSW HLQH










PLWWHOV +105 YRUJHQRPPHQ 'DEHL ZXUGHQ FKLUDOH
9HUVFKLHEXQJVUHDJHQ]LHQ VKLIW5HDJHQ]LHQ ZLH 5−
$QWKU\OWULIOXRUHWKDQRO  XQG (XURSLXP,,,WULV>WULIOXRUPHWK\OK\GUR[\PHWK\OHQ
GFDPSKRUDW@ (XWIF  JHWHVWHW $EE =XU P0 /|VXQJ YRQ 1LWURHVWHU 
ZXUGHQ /|VXQJHQ YRQ PJ GHV 9HUVFKLHEXQJVUHDJHQV LQ GHXWHULHUWHP &KORURIRUP



















































 (LQIOXVV GHV .XSIHUV LQ GHQ $GGLWLRQHQ YRQ 7ULPHWK\OVLO\OPHWK\O
2UJDQR]LQNYHUELQGXQJHQDQ1LWURDONHQH,SVR6XEVWLWXWLRQ


























ZHUGHQ NDQQ ZHQQ 103 DOV FRVROYHQW HLQJHVHW]W ZLUG DXFK GDQQ ZHQQ NHLQH
hEHUJDQJVPHWDOOH DOV .DWDO\VDWRUHQ YHUZHQGHW ZHUGHQ 'LH HUZDUWHWHQ $GGLWLRQVSURGXNWH
ZHUGHQ DXI GLHVHP :HJH LQ $XVEHXWHQ YRQ ELV ]X  LVROLHUW 'LH $GGLWLRQ YRQ




GHU $GGLWLRQ YRQ 7ULPHWK\OVLO\OPHWK\O2UJDQR]LQNYHUELQGXQJHQ DQ 1LWURVW\UHQ  DXFK EHL


















%HL GHU $GGLWLRQ YRQ 7060&\FORKH[\O]LQN LQ $QZHVHQKHLW YRQ 706%U VRZLH 103 EHL




7DEHOOH:HLWHUH $GGLWLRQHQ YRQ 7ULPHWK\OVLO\OPHWK\O2UJDQR]LQNYHUELQGXQJHQ DQ
1LWURVW\UHQ

1U 5 &X6DO] $XVEHXWH
 F+H[\O  D E
 Q+HSW\O  D E
 F+H[\O &X&O D 
 Q+HSW\O &X27I D 






FKORULG E]Z.XSIHU,,WULIODW N|QQHQ DXVFKOLHOLFK GLH $GGLWLRQVSURGXNWH LQ$XVEHXWHQ
YRQ  E]Z  LVROLHUW ZHUGHQ 7DEHOOH (LQWUlJH XQG  %HL GHU
NXSIHUNDWDO\VLHUWHQ$GGLWLRQVYDULDQWHZLUGGLH%LOGXQJGHVLSVRVXEVWLWXLHUWHQ3URGXNWHVDXFK
QDFK OlQJHUHQ 5HDNWLRQV]HLWHQ QLFKW EHREDFKWHW DOOHUGLQJV QLPPW GLH $XVEHXWH DE
7DEHOOH(LQWUDJ
,P +1056SHNWUXP YRQ LSVRVXEVWLWXLHUWHQ 3URGXNWHQ E XQG E EHWUlJW GLH YLFLQDOH
.RSSOXQJV.RQVWDQWH+]E]Z+]$EEZDVGDUDXIKLQZHLVWGDVVHVVLFKGDEHL
XPGLH(9HUELQGXQJHQKDQGHOW
%HL GHU $GGLWLRQ YRQ 2UJDQR]LQNKDORJHQLGHQ DQ HLQ NRQMXJLHUWHV 6\VWHP GDV LQ GHU






















.QRFKHO HW DO EHULFKWHQ DXFK EHU GLH DEQRUPDOH LSVR6XEVWLWXWLRQ ,Q GLHVHP )DOOHZLUG























%HL $GGLWLRQ DQ GLH HQWVSUHFKHQGH (WK\OVXOIRQ\OYHUELQGXQJ ZLUG GLH DEQRUPDOH LSVR




'HU0HFKDQLVPXV GHU LSVR6XEVWLWXWLRQZXUGH YRQ+DVVQHU HW DO EHL GHU$GGLWLRQVUHDNWLRQ
YRQ*ULJQDUG5HDJHQ]LHQDQ$U\OQLWURDONHQHSRVWXOLHUW



























$EE9RQ +DVVQHU HW DO SRVWXOLHUWHU 0HFKDQLVPXV GHU LSVR6XEVWLWXWLRQ DQ $U\OQLWUR
DONHQH

=X %HJLQQ GHV $0(0HFKDQLVPXV VWHKW GLH $GGLWLRQVUHDNWLRQ YRQ RUJDQRPHWDOOLVFKHQ
9HUELQGXQJHQDQ1LWURDONHQH1DFKGHU$GGLWLRQGHURUJDQRPHWDOOLVFKHQ9HUELQGXQJDQ
GLH 12'RSSHOELQGXQJ NDQQ GDV &DUEDQLRQ DXI ]ZHL YHUVFKLHGHQHQ :HJHQ ZDVVHUIUHLH
%HGLQJXQJHQ:HJ$RGHUK\GURO\WLVFKHV0LOLHX:HJ%JHELOGHWZHUGHQ'DEHLILQGHWHLQH






$GGLWLRQHQ YRQ2UJDQR]LQNYHUELQGXQJHQ DQ NRQMXJLHUWH 6\VWHPH VLQG MHGRFK XQW\SLVFK
1XUZHQLJH%HLVSLHOHGDYRQVLQGLQGHU/LWHUDWXUEHNDQQW(LQLJH2UJDQR]LQNKDORJHQLGHYRP

















DQ 1LWURDONHQH RKQH =XVDW] YRQ .XSIHU6DO]HQ GLH $GGLWLRQ QDFK GHP YRQ+DVVQHU HW DO
EHVFKULHEHQHQ$GGLWLRQVPHFKDQLVPXVYHUOlXIW'LH$QZHVHQKHLWHLQHV.XSIHUVDO]HVIKUW




 .XSIHUNDWDO\VLHUWH $GGLWLRQHQ YRQ 7ULPHWK\OVLO\OPHWK\O2UJDQR
]LQNYHUELQGXQJHQDQ1LWURDONHQH

'DV NXSIHUNDWDO\VLHUWH $GGLWLRQVYHUIDKUHQ YRQ WUDQVPHWDOOLHUWHQ 70602UJDQR]LQN















DXI 1LWURDONHQ ]XP (LQVDW] 7ULPHWK\OVLO\OKDORJHQLGH GLHQHQ DOV /HZLV6lXUHQ ]XU
$NWLYLHUXQJ GHV 1LWURDONHQVD $XFK GLH 2UJDQR]LQNYHUELQGXQJ ZLUG lKQOLFK ZLH EHL







7DEHOOH(UJHEQLVVH GHU NXSIHUNDWDO\VLHUWHQ $GGLWLRQ YRQ 70602UJDQR]LQN
YHUELQGXQJHQDQ1LWURDONHQH

1U 5 5 &X6DO] $XVEHXWH 3URGXNW
 3K F+H[\O &X&O  D
 3K Q+HSW\O &X27I  D
 3K Q%X &X27I  D
 0H2&+ F+H[\O &X27I  E
 0H2&+ Q+HSW\O &X27I  F
 &220H Q+HSW\O &X27I  G
 &220H F+H[\O &X27I  H
 &220H Q+H[\O &X27I  I

















/LWKLXPLRGLG XQG 6SXUHQ YRQ =LQNSDUWLNHOQ LP 5HDNWLRQVJHPLVFK GHU $GGLWLRQVUHDNWLRQ
EHKLQGHUWZDKUVFKHLQOLFK GLH%LOGXQJGHV FKLUDOHQ.RPSOH[HV(V VROOWH GHVZHJHQ HQWZHGHU






















'LH HQWVSUHFKHQGHQ &KORU9HUELQGXQJHQ  ZHUGHQ LQ DEVROXWHP$FHWRQPLW JHWURFNQHWHP
1DWULXPLRGLG XPJHVHW]W 0HKUVWQGLJHV 5KUHQ XQWHU HUK|KWHQ 7HPSHUDWXUHQ IKUW ]X GHQ
LRGVXEVWLWXLHUWHQ3URGXNWHQLQVHKUJXWHQ$XVEHXWHQ





DQ 1LWURDONHQH ZXUGHQ GXUFKJHIKUW $XVJHKHQG YRQ ,RG'HULYDWHQ  V.DSLWHO
HQWVWHKHQ QDFK PHKUVWQGLJHU 8PVHW]XQJ PLW O|VXQJVPLWWHOIUHLHP 'LHWK\O]LQN
IXQNWLRQDOLVLHUWH 'LRUJDQR]LQNYHUELQGXQJHQ  GLH ZHLWHU PLW GHP .XSIHUF\DQLG






































7DEHOOH(UJHEQLVVH GHU $GGLWLRQ YRQ WUDQVPHWDOOLHUWHQ IXQNWLRQDOLVLHUWHQ 'LRUJDQR]LQN
YHUELQGXQJHQDQ1LWURDONHQH

1U 5 5 $XVEHXWH 3URGXNW
 3K &1  D
 &220H &22(W  E
 &220H &1  F

(LQH ZHLWHUH EHUJDQJVPHWDOONDWDO\VLHUWH $GGLWLRQ YRQ WUDQVPHWDOOLHUWHP 3KHQ\O
HWK\O]LQNEURPLGDQ1LWURVW\UHQZXUGHJHWHVWHW $EE3KHQ\OHWK\OEURPLGZLUG




























+DXSWJUXSSHQ0HWDOOKDORJHQLGH HUIROJHQ NDQQ ZHQQ GDV WHPSRUlUH .DWLRQ  GXUFK ]ZHL





























$XI VROFKH :HLVH JHELOGHWH IXQNWLRQDOLVLHUWH 'LRUJDQR]LQN9HUELQGXQJHQ  ZXUGHQ
HUIROJUHLFKYRQ1DNDPXUDHW DO LQ HLQHU$GGLWLRQ DQ(QRQHHLQJHVHW]WD'DEHLZHUGHQ
NDWDO\WLVFKH0HQJHQ DQ.XSIHUVDO] XQG HLQhEHUVFKXVV DQ+03$YHUZHQGHW'LH5HDNWLRQ
ZLUGEHL&GXUFKJHIKUW'LH$XVEHXWHQVFKZDQNHQLP%HUHLFKYRQ



























'DV HQWVWDQGHQH %LV>HWKR[\FDUERQ\OHWK\O@]LQN  NDQQ LQ VLWX PLW 1LWURVW\UHQ  DOV














,P *HJHQVDW] ]X 1DNDPXUD HW DO KDW VLFK +03$ DOV QLFKW HVVHQWLHOO IU GLH
$GGLWLRQVUHDNWLRQ HUZLHVHQ GD GHU 1LWURHVWHU  VRJDU EHL & RKQH 9HUZHQGXQJ YRQ
+03$PLWDN]HSWDEOHU$XVEHXWHYRQJHELOGHWZLUG

 9HUVXFKH ]XU NXSIHUNDWDO\VLHUWHQ $GGLWLRQ YRQ 'LP\UWDQ\O]LQN DQ
1LWURDONHQH

9HUVXFKH ]XU 'DUVWHOOXQJ YRQ VXEVWLWXLHUWHQ 'LRUJDQR]LQNYHUELQGXQJHQ GXUFK %RU=LQN
$XVWDXVFKZXUGHQHEHQIDOOVGXUFKJHIKUW
6−β3LQHQ  ZLUG GXUFK +\GURERULHUXQJ PLW %RUDQ'LPHWK\OVXOILG.RPSOH[ ]XP
7ULP\UWDQ\OERUDQXPJHVHW]W'LHRKQH,VROLHUXQJYRQ7ULP\UWDQ\OERUDQ IROJHQGH%RU

















'DV 'LP\UWDQ\O]LQN  ZLUG PLW 1LWURVW\UHQ  LQ HLQHU NXSIHUNDWDO\VLHUWHQ $GGLWLRQ LQ
*HJHQZDUW NDWDO\WLVFKHU 0HQJHQ YRQ .XSIHU,,7ULIODW PRO LQ EH]XJ DXI 1LWURDONHQ



















'LH ++.RSSOXQJVNRQVWDQWH LP 1056SHNWUXP GHV LSVR3URGXNWHV  VSULFKW IU HLQH
(NRQILJXULHUWH9HUELQGXQJ-++ +]
$GGLWLRQ YRQ'LP\UWDQ\O]LQN DQ GDV1LWURDONHQ  LQ*HJHQZDUW YRQ HLQHPbTXLYDOHQW




















'LHVHV(UJHEQLV ]HLJW GDVV GLH VWDWWILQGHQGH7UDQVPHWDOOLHUXQJ GHU'LRUJDQR]LQNYHUELQGXQJ
]XP 'LRUJDQR]LQNFXSUDW DOOHLQH QLFKW DXVUHLFKHQG IU GHQ $EODXI GHU $GGLWLRQ DQ
1LWURDONHQHLVW'LH7ULPHWK\OVLO\OKDORJHQLGHVLQGZLHDXFKLP)DOOHYRQ$GGLWLRQHQYRQ
7ULPHWK\OVLO\OPHWK\O2UJDQR]LQNYHUELQGXQJHQ DQ 1LWURDONHQH IU GLH $NWLYLHUXQJ GHV
1LWURDONHQV Q|WLJ V.DSLWHO (V VLQG %HLVSLHOH LQ GHU /LWHUDWXU EHNDQQW GDVV
7ULDON\OVLO\OKDORJHQLGH HLQH EHVFKOHXQLJHQGH :LUNXQJ DXI NRQMXJLHUWH $GGLWLRQHQ YRQ
*LOPDQ&XSUDWHQD VRZLH *ULJQDUG5HDJHQ]LHQE DXVEHQ 'HV ZHLWHUHQ ZLUG EHL GHU
9HUZHQGXQJ YRQ 7ULDON\OVLO\OKDORJHQLGHQ DXFK GDV $GGLWLRQVYHUKlOWQLV GUDVWLVFK
JHVWHLJHUW,QYLHOHQ)lOOHQZLUGGLH$GGLWLRQYROOVWlQGLJXQWHUGUFNWD






GHU DV\PPHWULVFK NDWDO\VLHUWHQ $GGLWLRQ YRQ 1XNOHRSKLOHQ DQ JHHLJQHWH 1LWURDONHQH












$EE3ULQ]LSLHOOHV 5HWURV\QWKHVH6FKHPD GHU β+RPRDPLQRVlXUHQ XQG αβGLVXEVWL
WXLHUWHQβ$PLQRVlXUHQ

'HU HOHNWURSKLOH 5HVW 5 N|QQWH LQ HLQHU VWXIHQZHLVHQ RGHU 7DQGHP5HDNWLRQ ]% GXUFK
$ON\OLHUXQJ HLQJHIKUW ZHUGHQ 'LH GDQDFK IROJHQGH 5HGXNWLRQ GHU 1LWURJUXSSH OLHIHUW GDV





'LH 5HGXNWLRQ HLQHU DOLSKDWLVFKHQ 1LWURJUXSSH LVW ZHVHQWOLFK DQVSUXFKVYROOHU XQG HUIROJW
QRUPDOHUZHLVH GXUFK NDWDO\WLVFKH +RFKGUXFN E]Z 1RUPDOGUXFN+\GULHUXQJ RGHU
FKHPLVFKH 5HGXNWLRQ -HGRFK KDEHQ GLH EHLGHQ 0HWKRGHQ ZHVHQWOLFKH 1DFKWHLOH 'LH
+\GULHUXQJ HUIRUGHUW ODQJH5HDNWLRQV]HLWHQZlKUHQG EHL FKHPLVFKHU 5HGXNWLRQ QXU JHULQJH
$XVEHXWHQHU]LHOWZHUGHQ
6RZRKO HLQH DOLSKDWLVFKH DOV DXFK HLQH DURPDWLVFKH 1LWURJUXSSH N|QQHQ PLW














'LH 7UDQVIHUK\GULHUXQJVUHDNWLRQHQ YHUODXIHQ DXVJHVSURFKHQ VFKQHOO 'LH 'DXHU GHU
+\GULHUXQJEHWUlJWEHL5DXPWHPSHUDWXUFDPLQ
'DVLFKLQVEHVRQGHUHEHLβ$PLQRHVWHUQGLHUHODWLYOHLFKWIOFKWLJXQGZDVVHUO|VOLFKVLQGGLH
,VROLHUXQJGHV IUHLHQ$PLQV DXVGHUZlVVULJHQ3KDVH DOV VFKZLHULJ HUZLHV LVW HVYRUWHLOKDIW














K|KHUH $XVEHXWHQ ]X HU]LHOHQ PXVV HLQ JU|HUHU hEHUVFKXVV DQ %RF2 !bTXLYDOHQW










1U 5 5 $XVEHXWHD 3URGXNW
 (W (W  D
 0H (W  E
 0H Q+H[\O  F
 0H F+H[\O  G
D]ZHL6FKULWWH

'LH $QZHVHQKHLW YRQ QLFKW YROOVWlQGLJ ]XP $PLQ DEUHDJLHUWHQ =ZLVFKHQSURGXNWHQ LP
5HDNWLRQVJHPLVFKNDQQHLQZHLWHUHU*UXQGIUGLHQXUPRGHUDWH$XVEHXWHQYRQJHVFKW]WHP
$PLQVHLQ
'LH 6SDOWXQJ GHV 0HWK\OHVWHUV E JHOLQJW PLW /LWKLXPK\GUR[LG0RQRK\GUDW LQ 7+)















'LH (QDQWLRVHOHNWLYLWlW GHU $GGLWLRQ YRQ 'LDON\O]LQNYHUELQGXQJHQ DQ 1LWURDONHQH
EHWUlJW XQWHU 9HUZHQGXQJ GHU JHWHVWHWHQ /LJDQGHQ // QXU LQ HLQ]HOQHQ )lOOHQ EHU
HH'HP]XIROJHPVVWHQGLH(QGSURGXNWH ]%%RFJHVFKW]WHβ$PLQRVlXUHQZLH
LQ HLQHP ZHLWHUHQ 6FKULWW HLQHU (QDQWLRPHUHQDQUHLFKHUXQJ ]% GXUFK .ULVWDOOLVDWLRQ
XQWHU]RJHQZHUGHQ
'LH HQDQWLRVHOHNWLYH NDWDO\WLVFKH $GGLWLRQ YRQ JHPLVFKWHQ IXQNWLRQDOLVLHUWHQ
2UJDQR]LQNYHUELQGXQJHQIKUWHELVODQJQXU]XUDFHPLVFKHQ3URGXNWHQ:LHVFKRQHUZlKQWLVW
GLHVHVYHUPXWOLFKGXUFK$QZHVHQKHLWYRQ/LWKLXPVDO]HQXQG=LQNVWDXEUHVWHQYHUXUVDFKW+LHU
VROOWHQ DQGHUH 'DUVWHOOXQJVPHWKRGHQ GHU IXQNWLRQDOLVLHUWHQ 2UJDQR]LQNYHUELQGXQJHQ





=XU 6\QWKHVH YRQ αβGLVXEVWLWXLHUWHQ β$PLQRVlXUHQ PVVHQ ZHLWHUH 9HUVXFKH ]XP
HOHNWURSKLOHQ $EIDQJHQ GHV GXUFK $GGLWLRQ HLQHV 1XNOHRSKLOV JHELOGHWHQ 1LWURQDWV
GXUFKJHIKUWZHUGHQV.DSLWHO

 6\QWKHVH XQG (LQVDW] GHV $PLGRSKRVSKLQ/LJDQGHQ LQ GHU
DV\PPHWULVFKHQ NDWDO\WLVFKHQ $GGLWLRQ YRQ 2UJDQR]LQN
YHUELQGXQJHQDQ1LWURDONHQH

9RQ 7RPLRND HW DO ZXUGH HLQH 5HLKH YRQ $PLGRSKRVSKLQHQ DOV H[WHUQH FKLUDOH /LJDQGHQ










































ZLUG PLW WHUW%XWR[\FDUERQ\O*UXSSH %RF JHVFKW]W 'LH +\GUR[\O*UXSSH ZLUG PLW
7RV\OFKORULG ]X XPJHVHW]W'DV HQVWDQGHQH7RV\ODWZLUG LQ HLQHU61±6XEVWLWXWLRQ GXUFK
HLQ LQ VLWX JHQHULHUWHV 'LSKHQ\OSKRVSKLQ$QLRQ HUVHW]W 'LH %RF6FKXW]JUXSSH GHV
HQWVWDQGHQHQ3KRVSKLQVZLUGDQVFKOLHHQGPLW7)$LQ'LFKORUPHWKDQDEJHVSDOWHQXQGQDFK
(QWIHUQXQJ YRQ IOFKWLJHQ1HEHQSURGXNWHQ XQG5HDNWDQGHQZHLWHUPLW 3LYDOR\OFKORULG ]XP
3KRVSKLQ/ XPJHVHW]W GDV LQ HLQHU *HVDPWDXVEHXWH YRQ  /LWHUDWXUDXVEHXWH 
EHUVHFKV6WXIHQ]XJlQJOLFKLVW
'HU 5HDNWLRQVDEODXI GHU $GGLWLRQ PLW GHP 3KRVSKLQ/LJDQGHQ / ZLHV HLQLJH
8QWHUVFKLHGH ]X GHU EOLFKHQ $GGLWLRQ PLW 3KRVSKRUDPLGLWHQ DXI %HL GHU =XJDEH YRQ
JHO|VWHP /LJDQGHQ ]X GHU .XSIHUVDO]/|VXQJ LQ 7+) HQWVWHKW HLQH WLHI JUQEUlXQOLFKH
/|VXQJ GLH VRIRUW QDFK %HJLQQ GHV =XWURSIHQV YRQ 'LHWK\O]LQN LQ *HOE XPVFKOlJW 'LH



















1U /PRO $XVEHXWH HH
   
   




9HUVXFKHPLW HUK|KWHU /LJDQGHQ0HQJH ELV PRO OLHIHUQ HEHQVR UDFHPLVFKH3URGXNWH










$GGLWLRQHQ YRQ 1XNOHRSKLOHQ DQ NRQMXJLHUWH 6\VWHPH IKUHQ ]XU %LOGXQJ HLQHV
NRQMXJLHUWHQ&DUEDQLRQV $EEGDVGXUFKHLQ(OHNWURSKLO LQHLQHU$QVFKOXVVE]Z LQ










































(V VROOWHQ ]XVlW]OLFKH $NWLYLHUXQJVPHWKRGHQ GHV (OHNWURSKLOV E]Z 1LWURDONHQV YHUZHQGHW
ZHUGHQ'DKHUVLQGZHLWHUH9HUVXFKHPLWQRFKDNWLYHUHQ(OHNWURSKLOHQZLH$OO\OKDORJHQLGHQ
RGHU %HQ]\OKDORJHQLGHQ Q|WLJ $XFK GLH =XJDEH YRQ /HZLV6lXUHQ +037 '038 RGHU







,P 5DKPHQ GLHVHU $UEHLW ZXUGH HLQH 5HLKH YRQ
1LWURDONHQHQ GXUFK +HQU\5HDNWLRQ 1LWURDOGRO
.RQGHQVDWLRQV\QWKHWLVLHUW
/DXW 1056SHNWURVNRSLH XQG WKHRUHWLVFKHQ




1HEHQ GHU 6\QWKHVH EHNDQQWHU 3KRVSKRUDPLGLW/LJDQGHQ / XQG / ZXUGHQ DXFK

































DQ 1LWURSURSHQVlXUHPHWK\OHVWHU  XQWHU 9HUZHQGXQJ
YRQ .XSIHU,,WULIODW XQG PRGLIL]LHUWHP 3KRVSKRUDPLGLW
/ PRO E]Z PRO LQ EH]XJ DXI GDV
1LWURDONHQ HUKDOWHQ 'DEHL ZLUG EHL HLQHU VHKU JXWHQ
$XVEHXWHYRQHLQHVHKUKRKH(QDQWLRVHOHNWLYLWlWGHU$GGLWLRQYRQHHHUPLWWHOW
,Q GHQ PHLVWHQ )lOOHQ ZXUGHQ EHLP (LQVDW] YRQ PRGLIL]LHUWHQ /LJDQGHQ LQ GHU




'LH $GGLWLRQ YRQ IXQNWLRQDOLVLHUWHQ 7ULPHWK\OVLO\OPHWK\O2UJDQR]LQNYHUELQGXQJHQ DQ
1LWURDONHQH OLHIHUW XQWHU GHQ JHWHVWHWHQ 5HDNWLRQVEHGLQJXQJHQ QXU UDFHPLVFKH $GGXNWH (V
VROOWH GHVZHJHQ HQWZHGHU DXI GLH VDO]IUHLH +HUVWHOOXQJVPHWKRGH YRQ 7ULPHWK\OVLO\OPHWK\O
$ON\O]LQNYHUELQGXQJHQ ]XUFNJHJULIIHQ RGHU DEHU GDV 7ULPHWK\OVLO\OPHWK\O$ON\O]LQN QDFK
GHU'DUVWHOOXQJ]XVlW]OLFKJHUHLQLJWZHUGHQ$XFK=LQN%RU $XVWDXVFKUHDNWLRQHQGLHVDXEHUH
'LRUJDQR]LQNYHUELQGXQJHQOLHIHUQVROOWHQHLQJHVHW]WZHUGHQ
'LH 9HUZHQGXQJ YRQ NDWDO\WLVFKHQ 0HQJHQ DQ .XSIHUVDO] LQ GHQ $GGLWLRQHQ YRQ
7ULPHWK\OVLO\OPHWK\O2UJDQR]LQNYHUELQGXQJHQ DQ 1LWURVW\UHQ ]HLJW HLQHQ GHXWOLFKHQ (IIHNW
:lKUHQGGLHNXSIHUIUHLHQ$GGLWLRQVYHUVXFKHEHUZLHJHQG3URGXNWHYRQLSVR6XEVWLWXWLRQGHU
















'LH LSVR6XEVWLWXWLRQ YHUOlXIW K|FKVWZDKUVFKHLQOLFK EHU GHQ YRQ+DVVQHU HW DO SRVWXOLHUWHQ
$GGLWLRQVPHFKDQLVPXV V.DSLWHO 'LH =XJDEH YRQ .XSIHUVDO] IKUW ]XU
















(LQ QHXHV PRGXODUHV 6\QWKHVHNRQ]HSW IU GLH NDWDO\WLVFKH DV\PPHWULVFKH 6\QWKHVH YRQ
β+RPRDPLQRVlXUHQ JHKW YRQ 1LWURSURSHQVlXUHPHWK\OHVWHU  DXV (QDQWLRVHOHNWLYH
$GGLWLRQ HH YRQ'LHWK\O]LQN 5HGXNWLRQ GHU1LWURJUXSSH VRZLH (LQIKUXQJ HLQHU
























$GGLWLRQ YRQ 7ULPHWK\OVLO\OPHWK\O2UJDQR]LQNYHUELQGXQJHQ DQ 1LWURDONHQH OLHIHUW HLQH










'LHWK\OHWKHU(WKHU7+) GHVWLOOLHUW EHU .DOLXPK\GUR[LG &DOFLXPK\GULG XQG
DQVFKOLHHQGEHU1DWULXP%HQ]RSKHQRQXQWHU6WLFNVWRII

































*DVFKURPDWRJUDSK   +HZOHWW3DFNDUG+3
0DVVHQGHWHNWRU    +HZOHWW3DFNDUG+3$
6lXOH     +306PPP,'µP+HZOHWW3DFNDUG
,RQLVDWLRQVHQHUJLH(,  H9
7UlJHUJDV     +HOLXP
)OXVV      P/PLQ
,QMHNWRU     &

*HUlW
*&06     6KLPDG]X*&0643$
6lXOH     +306PPP,'µP+HZOHWW3DFNDUG
,RQLVDWLRQVHQHUJLH(,  H9
5HDJHQW*DV&,   ,VREXWDQ
7UlJHUJDV     +HOLXP
)OXVV     P/PLQ
,QMHNWRU     &













































   )6/LSRGH['PPP,'0DFKHUH\1DJHO









,QMHNWRU    &
'HWHNWRU    &




7HPSHUDWXU   &LVRWKHUP
9RUGUXFN+HDG3UHVVXUH EDU
,QMHNWRU    &
'HWHNWRU    &




7HPSHUDWXU   &LVRWKHUP
9RUGUXFN+HDG3UHVVXUH NJFP
,QMHNWRU    &
'HWHNWRU    &




7HPSHUDWXU   &LVRWKHUP
9RUGUXFN+HDG3UHVVXUH NJFP
,QMHNWRU    &
'HWHNWRU    &






7HPSHUDWXU   &LVRWKHUP
9RUGUXFN+HDG3UHVVXUH NJFP
,QMHNWRU    &
'HWHNWRU    &




7HPSHUDWXU   &LVRWKHUP
9RUGUXFN+HDG3UHVVXUH NJFP
,QMHNWRU    &
'HWHNWRU    &




7HPSHUDWXU   &LVRWKHUP
9RUGUXFN+HDG3UHVVXUH EDU
,QMHNWRU    &
'HWHNWRU    &























,QWHUIDFH   O
'LRGDUUD\'HWHNWRU '$'/












6lXOH   /L&KUR&$57&KLUD'H[PPPP,'0HUFN





























=XP *HPLVFK YRQ 'LPHWKR[\DFHWDOGHK\G  P/  PRO  LQ WHUW%XW\O
PHWK\OHWKHUXQG1LWURPHWKDQJPROLQ0HWKDQROP/ZLUGHLQH/|VXQJYRQ
.DOLXPK\GUR[LG J PRO LQ 0HWKDQRO P/ ]XJHWURSIW 'DV 5HDNWLRQVJHPLVFK
ZLUGKEHL57JHUKUW1DFK(QWIHUQXQJGHV/|VXQJVPLWWHOVLQYDFXRZLUGGHU5HVWLQ(WKHU
DXIJHQRPPHQ XQG PLW JHVlWWLJWHU 1DWULXPFKORULG/|VXQJ JHZDVFKHQ ×P/ 'LH













+1050+]&'&O  + V 2+ EU  + V &+2  + V


















(LQH6XVSHQVLRQYRQ.DOLXPFDUERQDW J PRO LQ1LWURPHWKDQ P/PRO
ZLUG K EHL 57 LQWHQVLY JHUKUW 'DV *HPLVFK ZLUG DXI & JHNKOW XQG *O\R[\OVlXUH
HWK\OHVWHU  P/ FDPRO LJH /|VXQJ LQ 7ROXHQ )OXND ZLUG ELQQHQ PLQ
]XJHWURSIW'DV5HDNWLRQVJHPLVFKZLUGKEHL57JHUKUWXQGILOWULHUW=XU0XWWHUODXJHZLUG
(WKHU P/ JHJHEHQ 'LH 0LVFKXQJ ZLUG QDFKHLQDQGHU PLW 1 +&O P/ :DVVHU
P/ XQG JHVlWWLJWHU 1DWULXPFKORULG/|VXQJ P/ JHZDVFKHQ EHU 0DJQHVLXPVXOIDW












+1050+]&'&O  + W - +]&+&+  EU V2+ 
+ P &+&+  + P &+  + P
&+12
&1050+]&'&O  &+&+  &+&+  &+ 
&+12&2
*&06 W5(,*&060HWKRGHPLQ
3HDNVP]   0(W2&2   
   (W2     
12(W
,5.%U V2+EUZ&+Z&+V












(LQH /|VXQJ YRQ *O\R[\OVlXUH   LQ:DVVHU P/ PRO ZLUGPLW 11D2+
3KHQROSKWDOHLQ DOV ,QGLNDWRU EHL & QHXWUDOLVLHUW 'D]X ZLUG 1LWURPHWKDQ P/
PRO WURSIHQZHLVH EHL & ]XJHJHEHQ 'DV HQWVWDQGHQH *HPLVFK ZLUG K EHL 57
JHUKUW PLW 1 +62 QHXWUDOLVLHUW XQG LQ YDFXR HLQJHHQJW =XP 5FNVWDQG ZLUG
7KLRQ\OFKORULG P/ PRO EHL & ODQJVDP ]XJHWURSIW 'DV 5HDNWLRQVJHPLVFK ZLUG
XQWHU5FNIOXVV HUKLW]W ELV NHLQH(QWVWHKXQJ YRQ&KORUZDVVHUVWRIIPHKU ]X EHREDFKWHQZDU
'DVEHUVFKVVLJH7KLRQ\OFKORULGZLUGGHVWLOODWLY DEJHWUHQQW=XGHPJHELOGHWHQEUDXQHQgO
ZLUG 0HWKDQRO P/ EHL & SRUWLRQVZHLVH ]XJHJHEHQ 'LH /|VXQJ ZLUG PLQ XQWHU




(LQH /|VXQJ YRQ*O\R[\OVlXUH  LQ:DVVHU P/ PROZLUGPLW 11D2+
3KHQROSKWDOHLQ DOV ,QGLNDWRU EHL & QHXWUDOLVLHUW 'D]X ZLUG 1LWURPHWKDQ P/
PRO WURSIHQZHLVH EHL&]XJHJHEHQ'DV HQWVWDQGHQH*HPLVFKZLUGKEHL57XQG
DQVFKOLHOLFKKEHL&JHUKUWPLW1+62QHXWUDOLVLHUWXQGLQYDFXRHLQJHHQJW'HU
5HVW ZLUG LQ 0HWKDQRO P/ DXIJHQRPPHQ 'D]X ZLUG EHL & 7KLRQ\OFKORULG P/
PRO WURSIHQZHLVH ]XJHJHEHQ 'DV 5HDNWLRQVJHPLVFK ZLUG K XQWHU 5FNIOXVV HUKLW]W
















3HDNVP]   0&+2&2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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 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(LQH 6XVSHQVLRQ YRQ 1DWULXPLRGLG J PPRO XQG GHP HQWVSUHFKHQGHQ &KORULG
PPRO LQ WURFNHQHP $FHWRQ P/ ZLUG K EHL & JHUKUW XQG ILOWULHUW 'DV
/|VXQJVPLWWHOZLUGLQYDFXRHLQJHHQJW(WKHUP/ZLUG]XJHJHEHQ'LH/|VXQJZLUGPLW
1DWULXPWKLRVXOIDW/|VXQJ P/ 0 XQG:DVVHU ×P/ JHZDVFKHQ'LHZlVVULJHQ
([WUDNWH ZHUGHQ PLW (WKHU ×P/ JHZDVFKHQ 'LH YHUHLQLJWHQ RUJDQLVFKHQ ([WUDNWH
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$OOJHPHLQH 9RUVFKULIW IU $GGLWLRQ YRQ WUDQVPHWDOOLHUWHQ 'LRUJDQR]LQNYHUELQGXQJHQ DQ
1LWURDONHQH






FDPEDU 'HU 5HVW ZLUG LQ DEV 7+) P/ JHO|VW 'D]X ZLUG HLQH /|VXQJ YRQ
&X&1⋅/L&O&X&1PJPPRO/L&OPJPPROLQ7+)P/EHL&
]XJHWURSIW =XU HQWVWDQGHQHQ OHLFKW JUQHQ /|VXQJ ZHUGHQ EHL ±& 7ULPHWK\OFKORUVLODQ
PJ PPRO XQG HLQH /|VXQJ YRQ 1LWURDONHQ PPRO LQ 7+) P/ ODQJVDP
]XJHWURSIW 'DV5HDNWLRQVJHPLVFKZLUG EHU1DFKW DXI ±& HUZlUPW GD]XZHUGHQ (WKHU
P/ XQG JHVlWWLJWH $PPRQLXPFKORULG/|VXQJ P/ JHJHEHQ 'LH 3KDVHQ ZHUGHQ
JHWUHQQW 'LH ZlVVULJH 3KDVH ZXUGH PLW (WKHU ×P/ H[WUDKLHUW 'LH YHUHLQLJWHQ
RUJDQLVFKHQ3KDVHQZHUGHQPLW JHVlWWLJWHU1DWULXPFKORULG/|VXQJ P/ JHZDVFKHQ EHU
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,Q HLQHP DXVJHKHL]WHQ .ROEHQ ZLUG HLQ *HPLVFK DXV 3KHQ\OHWK\OEURPLG  PJ
PPROXQG1LFNHO,,DFHW\ODFHWRQDWPJPPROPROLQEH]XJDXI%URPLG
XQWHU$UJRQ DXI & JHNKOW'D]XZLUG UHLQHV'LHWK\O]LQN PJ PPROPLW+LOIH
HLQHU'RSSHOVSLW]HQQDGHOYRUVLFKWLJ]XJHWURSIW'DV*HPLVFKZLUGLPYRUJHKHL]WHPgOEDGIU
K EHL & JHUKUW 'DV EHUVFKVVLJH 'LHWK\O]LQNZLUG LQ YDFXR FDPEDU 57 K
HQWIHUQW'HUVFKZDU]H5FNVWDQGZLUGLQ7+)P/JHO|VWXQGDXI−&JHNKOW'D]X
ZLUGHLQH/|VXQJYRQ&X&1⋅/L&O&X&1PJPPRO/L&OPJPPROLQ
7+) P/ XQG HLQH /|VXQJ YRQ 1LWURVW\UHQ PJ PPRO LQ 7+) P/
]XJHWURSIW'DV5HDNWLRQVJHPLVFKZLUGEHU1DFKWDXI&HUZlUPWXQGPLW(WKHU P/
YHUGQQW 'D]X ZLUG JHVlWWLJWH $PPRQLXPFKORULG/|VXQJ P/ ]XJHJHEHQ XQG PLQ
JHUKUW'LH3KDVHQZHUGHQJHWUHQQW'LHZlVVULJH3KDVHZLUGPLW(WKHU×P/H[WUDKLHUW
'LHYHUHLQLJWHQRUJDQLVFKHQ([WUDNWHZHUGHQPLWJHVlWWLJWHU1DWULXPFKORULG/|VXQJ P/
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=X HLQHU LQWHQVLY JHUKUWHQ 6XVSHQVLRQ DXV IULVFKHP1DWULXP6DQG J PPRO XQG
7ULPHWK\OVLO\OFKORULG P/ PPRO LQ (WKHU P/ ZLUG &KORUSURSDQVlXUH
HWK\OHVWHUJPPROVR]XJHWURSIWGDVVGHU(WKHUVFKZDFKVLHGHW'DV*HPLVFKZLUG
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=LQNFKORULG FDPJ FD PPRO ZLUG LP 5HDNWLRQVJHIl JHZRJHQ XQG LQ YDFXR
FDPEDU]XP6FKPHO]HQJHEUDFKW9RQGHPZDVVHUIUHLHP=LQNFKORULGZHUGHQPJ
PPROXQWHU$UJRQLQDEV(WKHUP/XQWHU8OWUDVFKDOO$QZHQGXQJ8OWUDVFKDOO%DG
JHO|VW (WKR[\WULPHWK\OVLO\OF\FORSURSDQ  J PPRO ZLUG ]XJHJHEHQ (V
ZLUGKEHL57JHUKUWFDGHV(WKHUVLQYDFXRHQWIHUQWXQG+H[DQP/]XJHJHEHQ'LH
REHUH /|VXQJVPLWWHOVFKLFKWZLUGPLW HLQHU 6SULW]H LQ HLQ DQGHUHV*HIl WUDQVIHULHUW XQG GDV
/|VXQJVPLWWHO LQ YDFXR DEJH]RJHQ GD]X ZLUG (WKHU P/ JHJHEHQ XQG GLH HUKDOWHQH
0LVFKXQJZLUG]XHLQHU/|VXQJYRQ1LWURVW\UHQPJPPROXQG.XSIHU,,WULIODW
PJ PPRO PRO LQ EH]XJ DXI 1LWURDONHQ LQ DEV (WKHU P/ EHL −&
]XJHWURSIW 'DV 5HDNWLRQVJHPLVFK ZLUG EHU 1DFKW DXI & HUZlUPW (V ZLUG PLW (WKHU
P/YHUGQQWXQGJHVlWWLJWHZlVVULJH$PPRQLXPFKORULG/|VXQJP/]XJHJHEHQ'LH
ZlVVULJH 3KDVH ZLUG PLW (WKHU ×P/ H[WUDKLHUW 'LH YHUHLQLJWHQ RUJDQLVFKHQ ([WUDNWH
ZHUGHQ PLW JHVlWWLJWHU 1DWULXPFKORULG/|VXQJ P/ JHZDVFKHQ EHU 0DJQHVLXPVXOIDW
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,Q HLQHP DXVJHKHL]WHP .ROEHQ ZLUG 6−3LQHQ  J PPRO XQWHU $UJRQ DXI








+H[DQ P/ ZLUG ]XJHJHEHQ XQG GLH HUKDOWHQH /|VXQJ DXI & JHNKOW 5HLQHV
'LHWK\O]LQN FDPJ FDPPRO ZLUG PLW +LOIH HLQHU 'RSSHOVSLW]HQQDGHO YRUVLFKWLJ
]XJHWURSIW 'DV 5HDNWLRQVJHPLVFK ZLUG PLQ EHL & JHUKUW GDV /|VXQJVPLWWHO









,Q HLQHP DXVJHKHL]WHQ .ROEHQ ZLUG ]X HLQHP *HPLVFK DXV 1LWURDONHQ PPRO XQG
.XSIHU,,WULIODW PJ PPRO PRO LQ EH]XJ DXI 1LWURDONHQ LQ 7+) P/
7ULPHWK\OVLO\OFKORULGP/PPROEHL±&]XJHWURSIW1DFKPLQZLUGGD]XGLH
'LP\UWDQ\O]LQN/|VXQJDXVGHP6FKULWW]XJHWURSIWXQGKEHL±&JHUKUW'DV*HPLVFK
ZLUGPLW7+) P/YHUGQQW LQLJH6DO]VlXUH P/JHJRVVHQXQGPLQJHUKUW
'LH/|VXQJZLUGLQHLQHQ(UOHQPH\HU.ROEHQPLW(WKHUP/XQGJHVlWWLJWHU/|VXQJYRQ
$PPRQLXPFKORULG P/ JHJHEHQ XQG GXUFK&HOLW ILOWULHUW 'LH 3KDVHQZHUGHQ JHWUHQQW
'LHZlVVULJH3KDVHZLUGPLW(WKHU×P/H[WUDKLHUW'LHYHUHLQLJWHQRUJDQLVFKHQ3KDVHQ
ZHUGHQ PLW JHVlWWLJWHU 1DWULXPFKORULG/|VXQJ P/ JHZDVFKHQ EHU 0DJQHVLXPVXOIDW
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EHL & ]XJHWURSIW 'DV *HPLVFK ZLUG K EHL 57 JHUKUW PLW 0
1DWULXPK\GURJHQFDUERQDWO|VXQJ×P/XQGGHVW:DVVHUP/JHZDVFKHQ(VZLUG
HLQH NODUH RUDQJH HWKHULVFKH /|VXQJ YRQ UDFHPLVFKHP 'LPHWK\OELVSHQWDQR\OR[\
ELQDSKW\O HUKDOWHQ ,Q HLQHP5XQGNROEHQ 9ROXPHQ /LWHUZLUG ]X GHU HUKDOWHQHQ
/|VXQJ (WKHU P/ 3KRVSKDW3XIIHU P/ XQG1DWULXPWDXURFKRODW J JHJHEHQ
=XU HQVWDQGHQHQ (PXOVLRQ ZLUG 5RKH[WUDNW YRQ &KROHVWHULQ(VWHUDVH DXV 5LQGHUSDQNUHDV
JKLQ]XJHIJW(VZLUGEHL57JHUKUWGDEHLZLUGGHUS+:HUWGXUFK=XJDEHYRQ0
1DWULXPK\GUR[\G/|VXQJ LP %HUHLFK ± JHKDOWHQ ,Q GHQ HUVWHQ K ZHUGHQ XQJHIlKU
P/ XQG LQ GHQ IROJHQGHQ K QRFK FDP/ DQ %DVH YHUEUDXFKW 'DV *HPLVFK ZLUG
ZHLWHUH7DJH JHUKUW XQGPLW(WKDQRO P/YHUVHW]W(VELOGHQ VLFKGUHL6FKLFKWHQ'LH
REHUHHWKHULVFKH6FKLFKWZLUGDEJHWUHQQW'LHXQWHUHZlVVULJH6FKLFKWEUDXQZLUGYHUZRUIHQ
=X GHU (PXOVLRQ PLWWOHUH 6FKLFKW ZLUG LQ HLQHP .ROEHQ 0DJQHVLXPVXOIDW J
SRUWLRQVZHLVHJHJHEHQ(VELOGHQVLFK]ZHL6FKLFKWHQ'LHHWKHULVFKH6FKLFKWZLUGDEJHWUHQQW
'LHYHUHLQLJWHQ HWKHULVFKHQ([WUDNWHZHUGHQPLW0DJQHVLXPVXOIDW JHWURFNQHW ILOWULHUW XQG LQ
YDFXR DXI FDP/ 9ROXPHQ HLQJHHQJW 1DFK GHU =XJDEH YRQ 7ROXHQ P/ ZLUG GLH
/|VXQJEHU1DFKWEHL&DXIEHZDKUW'LH.ULVWDOOHZHUGHQDEILOWULHUWXQGPLWNDOWHP7ROXHQ
×P/ QDFKJHZDVFKHQ'LH0XWWHUODXJHZLUG DXI FDP/ HLQJHHQJW XQG QRFKPDO EHU
1DFKW EHL & JHODJHUW 'LH .ULVWDOOH ZHUGHQ ILOWULHUW XQG PLW 7ROXHQ ×P/
QDFKJHZDVFKHQ 'LH YHUHLQLJWHQ .ULVWDOOH ZHUGHQ DXV 7ROXHQ XPNULVWDOOLVLHUW 'DV











5+'LPHWK\OELVSHQWDQR\OR[\ELQDSKW\O  J PPRO ZLUG LQ
0HWKDQROP/PLW1DWULXPPHWKDQRODWPJPPROJHO|VW'DV*HPLVFKZLUGKEHL
57 JHUKUW XQG PLW NRQ]HQWULHUWHU 6DO]VlXUH QHXWUDOLVLHUW S+< 'LH /|VXQJ ZLUG PLW
3KRVSKDW3XIIHU0P/YHUVHW]WXQGPLW(WKHU7ROXHQ*HPLVFKP/H[WUDKLHUW
'LH RUJDQLVFKH 6FKLFKW ZLUG PLW :DVVHU P/ JHZDVFKHQ EHU 0DJQHVLXPVXOIDW
JHWURFNQHW ILOWULHUW DXI FDP/ /|VXQJ LQ YDFXR HLQJHHQJW XQG EHU 1DFKW EHL &
NULVWDOOLVLHUW:HLVVH.ULVWDOOHZHUGHQDEILOWULHUWPLWNDOWHP7ROXHQ×P/QDFKJHZDVFKHQ
'DV HQDQWLRPHUHQUHLQH 5%,12/  IlOOW LQ HLQHU $XVEHXWH YRQ  J PPRO
>α@'F7+)6FKPHO]SXQNW&DQ
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(LQH6XVSHQVLRQ DXV UDFHPLVFKHP%,12/ PJ PPRO JHWURFNQHW EHL PEDU
& K XQG 0HWK\OS\UUROLGRQ 103 PJ PPRO LQ 3KRVSKRUWULFKORULG




XQG DXI & JHNKOW 'D]X ZLUG QDFKHLQDQGHU 7ULHWK\ODPLQ PJ PPRO XQG
'LLVRSURS\ODPLQ PJ PPRO JHWURSIW 'DV *HPLVFK ZLUG EHL 57 K JHUKUW
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J PPRO LQ WURFNHQHP '0) P/ ]XJHWURSIW $QVFKOLHHQG ZLUG
11'LHWK\OFDUEDPR\OFKORULG J PPRO LQ WURFNHQHP '0) P/ ]X GHU
5HDNWLRQVPLVFKXQJ KLQ]XJHIJW 'DV 5HDNWLRQVJHPLVFK ZLUG K EHL & JHUKUW DXI
5DXPWHPSHUDWXUJHEUDFKWXQGGXUFK=XJDEHYRQLJHUZlVVULJHU.DOLXPK\GUR[LG/|VXQJ
DXIJHDUEHLWHW $QVFKOLHHQG ZLUG PLW 'LFKORUPHWKDQ ×P/ H[WUDKLHUW 'LH RUJDQLVFKH
3KDVH ZLUG PLW 0 +&O /|VXQJ ×PO GHVW :DVVHU P/ XQG JHVlWWLJWHU
1DWULXPFKORULG/|VXQJP/JHZDVFKHQ'LH/|VXQJZLUGEHU1DWULXPVXOIDWJHWURFNQHW
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=X HLQHU /|VXQJ YRQ %LV11GLHWK\OFDUEDPR\OR[\ELQDSKWK\O  J
PPRO XQG 70('$ P/ PPRO LQ WURFNHQHP 7+) P/ ZLUG XQWHU
([SHULPHQWHOOHU7HLO

6WLFNVWRIIDWPRVSKlUH EHL ±& WURSIHQZHLVH HLQH /|VXQJ YRQ VHF%XWK\OOLWKLXP P/
PPRO 0 LQ &\FORKH[DQ ]XJHJHEHQ 1DFK %HHQGLJXQJ GHU =XJDEH ZLUG GLH
5HDNWLRQVPLVFKXQJ PLQ EHL ±& JHUKUW $QVFKOLHHQG ZLUG 0HWK\OLRGLG PO
PPRO ]XJHWURSIW 1DFK ODQJVDPHQ (UZlUPHQ DXI 57 ZLUG /LWKLXPDOXPLQLXPK\GULG
J PPRO LQ NOHLQHQ 3RUWLRQHQ ]XJHJHEHQ 8QWHU 6WLFNVWRIIDWPRVSKlUH ZLUG GLH
5HDNWLRQVPLVFKXQJ K XQWHU 5FNIOX JHUKUW 1DFK $ENKOHQ ZLUG GLH 5HDNWLRQ GXUFK
=XJDEHYRQGHVW:DVVHUP/LJHU.2+/|VXQJPOXQGGHVW:DVVHUP/
EHHQGHW $QVFKOLHHQG ZLUG GLH 5HDNWLRQVPLVFKXQJ VRODQJH PLW JHVlWWLJWHU $PPRQLXP
FKORULG/|VXQJXQG1+&OEHKDQGHOW ELV VLFKGDV DXVJHIDOOHQH$OXPLQLXPK\GUR[LGJHO|VW
KDW(VZLUGPLW'LFKORUPHWKDQ×P/H[WUDKLHUWGLHRUJDQLVFKH3KDVHZLUGQDFKHLQDQGHU
PLW JHVlWWLJWHU 1DWULXPK\GURJHQFDUERQDW/|VXQJ P/ XQG JHVlWWLJWHU 1DWULXPFKORULG
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=XHLQHU/|VXQJYRQ3KRVSKRUWULFKORULG JPPRO LQDEV7ROXHQ P/ZXUGH
HLQH /|VXQJ YRQ %LVSKHQ\OHWK\ODPLQ J PPRO XQG IULVFK GHVWLOOLHUWHP
7ULHWK\ODPLQ J PPRO LQ 7ROXHQ P/ XQWHU $UJRQ ]XJHWURSIW 'DV *HPLVFK
ZXUGH EHL & IU K JHUKUW XQG DXI 57 JHEUDFKW 'D]X ZXUGH 7ULHWK\ODPLQ  J
PPRO ]XJHWURSIW 'DV 5HDNWLRQVJHPLVFK ZXUGH DXI −& JHNKOW XQG GDV %,12/
E]Z GDV 'LPHWK\OGHULYDW PPRO ZXUGH LQ DEV 7ROXHQ P/ XQG DEV 7+)
P/ JHO|VW XQG ODQJVDP]XGHU5HDNWLRQVPLVFKXQJ]XJHWURSIW(VZXUGH ODQJVDPDXI57
HUZlUPWXQGEHU1DFKWJHUKUW'DVDXVJHIDOOHQH7ULHWK\ODPLQK\GURFKORULGZXUGHDEILOWULHUW
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 ]XJHJHEHQ XQG PLQ JHUKUW GDEHL ZLUG GLH (QWZLFNOXQJ YRQ
$PPRQLDNEHREDFKWHW'LH/|VXQJZLUGGXUFKHLQHNXU]H6FKLFKWYRQ&HOLWILOWULHUWXQGPLW
DEV 0HWKDQRO P/ JHZDVFKHQ =XP )LOWUDW ZLUG WURFNHQHV 7ULHWK\ODPLQ 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=X HLQHU /|VXQJ DXV >WHUW%XWR[\FDUERQ\ODPLQRPHWK\O@EXWDQVlXUHPHWK\OHVWHU E
PJ PPRO LQ7+) P/ZLUG EHL & /LWKLXPK\GUR[LG0RQRK\GUDW PJ
PPRO ]XJHJHEHQ XQG K JHUKUW 'DV *HPLVFK ZLUG ODQJVDP DXI 57 JHEUDFKW IU
ZHLWHUHKEHL57JHUKUWXQGZLHGHUDXI&JHNKOW:DVVHUP/ZLUG]XJHJHEHQXQG
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=XHLQHU6XVSHQVLRQDXV/LWKLXPDOXPLQLXPK\GULG J PRO LQ7+) P/XQWHU
6WLFNVWRII6FKXW]DWPRVSKlUHZLUGEHL&/3UROLQ J PRO LQNOHLQHQ3RUWLRQHQ
KLQ]XJHJHEHQ 'DV *HPLVFK ZLUG K XQWHU 5FNIOXVV HUKLW]W 1DFK $ENKOHQ ZLUG GDV
9ROXPHQ GHV /|VXQJVPLWWHO PLW DEVROXWHP (WKHU YHUGRSSHOW 8P GDV UHVWOLFKH /L$O+ ]X
]HUVHW]HQ ZLUG IHXFKWHU (WKHU YRUVLFKWLJ KLQ]XJHJHEHQ 'DV JHELOGHWH $OXPLQLXPK\GUR[LG
ZLUG DEILOWULHUW 'HU 1LHGHUVFKODJZLUGPLW (WKDQRO ×P/ DXVJHNRFKW XQG ILOWULHUW 'LH
YHUHLQLJWHQDONRKROLVFKHQ([WUDNWHZHUGHQLQYDFXRHLQJHHQJW'HU5FNVWDQGGHUQHEHQGHP
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8QWHU $UJRQ ZLUG 6+\GUR[\PHWK\OS\UUROLGLQ  J PRO EHL & LQ
WURFNHQHP'LFKORUPHWKDQP/JHO|VW'DQQZHUGHQWURFNHQHV7ULHWK\ODPLQP/XQG
HLQH /|VXQJ YRQ 'LWHUWEXW\OGLFDUERQDW %RF2 J PRO LQ WURFNHQHP
'LFKORUPHWKDQ P/ ODQJVDP KLQ]XJHWURSIW 'DV*HPLVFKZLUG DXI 57 JHEUDFKW XQG K
JHUKUW'LH/|VXQJZLUGPLWJHVlWWLJWHU1DWULXPK\GURJHQFDUERQDW/|VXQJ×P/XQGPLW


































=X HLQHU /|VXQJ DXV 6−1WHUW%XWR[\FDUERQ\OK\GUR[\PHWK\OS\UUROLGLQ  J
PPRO LQ 3\ULGLQ P/ XQWHU $UJRQ ZLUG EHL & 7RV\OFKORULG J PPRO
]XJHJHEHQ'DV*HPLVFKZLUGEHL57KJHUKUWXQGPLW'LFKORUPHWKDQP/YHUVHW]W
$QVFKOLHHQGZLUG HVPLW LJHU6DO]VlXUH ×P/ JHVlWWLJWHU1DWULXPFDUERQDW/|VXQJ
×P/XQG:DVVHU ×P/JHZDVFKHQ'LHRUJDQLVFKH3KDVHZLUGEHU1DWULXPVXOIDW
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XQWHU $UJRQ EHL & PHWDOOLVFKHV 1DWULXP PJ PPRO ]XJHJHEHQ 'DV *HPLVFK
ZLUGXQWHU5FNIOXVVKJHNRFKWXQGQDFK$ENKOXQJPLW7+)P/YHUVHW]W%HL57ZLUG
HLQH/|VXQJYRQ 6−1WHUW%XWR[\FDUERQ\OWROXHQVXOIRQ\OR[\PHWK\OS\UUROLGLQ 
J PPRO LQ 7+) P/ YRUVLFKWLJ ]XJHWURSIW 'DV *HPLVFK ZLUG K EHL 57
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 PJ PPRO LQ WURFNHQHP 'LFKORUPHWKDQ P/ ZLUG 7ULIOXRUHVVLJVlXUH 7)$
P/PPROODQJVDPEHL&]XJHWURSIWXQGKEHL57JHUKUW'DV/|VXQJVPLWWHO
ZLUG LQ YDFXR HQWIHUQW 'HU JHZRQQHQH )HVWVWRII ZLUG LQ WURFNHQHP 'LFKORUPHWKDQ P/
JHO|VW 'D]X ZLUG EHL & WURFNHQHV 7ULHWK\ODPLQ P/ PPRO XQG 3LYDOR\OFKORULG
P/ PPRO ]XJHJHEHQ (V ZLUG PLQ EHL & ZHLWHUH K EHL 57 JHUKUW XQG
LJH 1DWULXPFDUERQDW/|VXQJ P/ ]XJHJHEHQ 'DV *HPLVFK ZLUG PLW 'LFKORUPHWKDQ
×P/ H[WUDKLHUW GLH YHUHLQLJWHQ RUJDQLVFKHQ ([WUDNWH ZHUGHQ PLW :DVVHU P/ XQG
JHVlWWLJWHU 1DWULXPFKORULG/|VXQJ P/ JHZDVFKHQ 'LH /|VXQJ ZLUG EHU 1DWULXPVXOIDW
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      Identification code               rim01  
   
      Measurement device                Nonius KappaCCD  
   
      Empirical formula                 C38 H34 N O2 P  
   
      Formula weight                    567.63  
   
      Temperature                       100(2) K  
   
      Wavelength                        0.71073 A  
   
      Crystal system, space group       Monoclinic P 21  
   
      Unit cell dimensions              a = 9.8602(1) A  alpha = 90° 
                                        b = 10.4829(1) A  beta = 99.7198(1)° 
                                        c = 14.9049(1) A  gamma = 90° 
   
      Volume                            1518.51(2) A^3  
   
      Z, Calculated density             2,  1.241 Mg/m^3  
   
      Absorption coefficient            0.125 mm^-1  
   
      F(000)                            600  
   
      Crystal size, colour and habit    0.30 x 0.28 x 0.26 mm^3, Colorless 
      irregular  
   
      Theta range for data collection   3.02 to 30.00 deg.  
   
      Index ranges                      -13<=h<=13, -14<=k<=14, -20<=l<=20  
   
      Reflections collected / unique    58967 / 8822 [R(int) = 0.033]  
   
      Completeness to theta = 30.00     99.6%  
   
      Absorption correction             Semi-empirical from equivalents  
   
      Max. and min. transmission        0.9681 and 0.9633  
   
      Refinement method                 Full-matrix least-squares on F^2  
   
      Data / restraints / parameters    8822 / 1 / 383  
   
      Goodness-of-fit on F^2            1.007  
   
      Final R indices [I>2sigma(I)]     R1 = 0.0295, wR2 = 0.0740 [8311]  
   
      R indices (all data)              R1 = 0.0328, wR2 = 0.0759  
   
$QKDQJ

      Absolute structure parameter      -0.01(4)  
   






7DEHOOH$WRPLF FRRUGLQDWHV  [ A DQG HTXLYDOHQW LVRWURSLF GLVSODFHPHQW SDUDPHWHUV
$A[A IRU ULP8HT LV GHILQHGDVRQH WKLUGRI WKH WUDFHRI WKHRUWKRJRQDOL]HG8LM
WHQVRU
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          P(1)         9770(1)       3995(1)       1779(1)       17(1)  
          O(1)        10117(1)       4129(1)       2904(1)       18(1)  
          O(2)        10018(1)       5507(1)       1517(1)       18(1)  
          N(1)         8105(1)       3694(1)       1726(1)       17(1)  
          C(1)        11419(1)       4603(1)       3254(1)       17(1)  
          C(2)        12433(1)       3702(1)       3617(1)       19(1)  
          C(3)        13721(1)       4162(1)       3963(1)       22(1)  
          C(4)        14043(1)       5476(1)       3932(1)       22(1)  
          C(5)        15409(1)       5920(1)       4220(1)       28(1)  
          C(6)        15744(1)       7172(2)       4125(1)       32(1)  
          C(7)        14724(1)       8046(1)       3747(1)       31(1)  
          C(8)        13382(1)       7661(1)       3476(1)       26(1)  
          C(9)        12999(1)       6367(1)       3564(1)       20(1)  
          C(10)       11631(1)       5904(1)       3247(1)       18(1)  
          C(11)       10461(1)       6761(1)       2883(1)       18(1)  
          C(12)       10032(1)       7788(1)       3411(1)       21(1)  
          C(13)       10638(1)       8029(1)       4332(1)       25(1)  
          C(14)       10147(1)       8980(1)       4823(1)       32(1)  
          C(15)        9026(2)       9741(1)       4425(1)       36(1)  
          C(16)        8430(2)       9542(1)       3542(1)       32(1)  
          C(17)        8917(1)       8574(1)       3012(1)       23(1)  
          C(18)        8280(1)       8361(1)       2098(1)       24(1)  
          C(19)        8657(1)       7370(1)       1595(1)       21(1)  
          C(20)        9714(1)       6542(1)       2024(1)       18(1)  
          C(21)       12089(1)       2306(1)       3601(1)       26(1)  
          C(22)        7972(1)       7124(1)        627(1)       25(1)  
          C(23)        7448(1)       2872(1)        954(1)       19(1)  
          C(24)        8187(1)       1589(1)        924(1)       26(1)  
          C(25)        7241(1)       3608(1)         54(1)       19(1)  
          C(26)        5997(1)       4235(1)       -240(1)       22(1)  
          C(27)        5797(1)       4951(1)      -1035(1)       26(1)  
          C(28)        6836(1)       5049(1)      -1557(1)       28(1)  
          C(29)        8077(1)       4423(1)      -1273(1)       28(1)  
          C(30)        8277(1)       3708(1)       -477(1)       23(1)  
          C(31)        7288(1)       3961(1)       2464(1)       17(1)  
          C(32)        7268(1)       2787(1)       3072(1)       25(1)  
          C(33)        5857(1)       4462(1)       2086(1)       18(1)  
          C(34)        5675(1)       5763(1)       1938(1)       21(1)  
          C(35)        4395(1)       6270(1)       1578(1)       27(1)  
          C(36)        3273(1)       5460(1)       1363(1)       30(1)  
          C(37)        3429(1)       4160(1)       1518(1)       27(1)  
          C(38)        4713(1)       3662(1)       1885(1)       22(1)  







   
            P(1)-O(2)                     1.6601(8)  
            P(1)-O(1)                     1.6601(7)  
            P(1)-N(1)                     1.6605(9)  
            O(1)-C(1)                     1.3938(12)  
            O(2)-C(20)                    1.3843(13)  
            N(1)-C(31)                    1.4951(12)  
            N(1)-C(23)                    1.4951(13)  
            C(1)-C(10)                    1.3795(15)  
            C(1)-C(2)                     1.4149(15)  
            C(2)-C(3)                     1.3746(15)  
            C(2)-C(21)                    1.5020(16)  
            C(3)-C(4)                     1.4159(17)  
            C(4)-C(5)                     1.4218(15)  
            C(4)-C(9)                     1.4289(16)  
            C(5)-C(6)                     1.367(2)  
            C(6)-C(7)                     1.406(2)  
            C(7)-C(8)                     1.3766(17)  
            C(8)-C(9)                     1.4204(17)  
            C(9)-C(10)                    1.4359(15)  
            C(10)-C(11)                   1.4908(15)  
            C(11)-C(20)                   1.3839(14)  
            C(11)-C(12)                   1.4392(15)  
            C(12)-C(17)                   1.4209(16)  
            C(12)-C(13)                   1.4246(15)  
            C(13)-C(14)                   1.3722(17)  
            C(14)-C(15)                   1.410(2)  
            C(15)-C(16)                   1.364(2)  
            C(16)-C(17)                   1.4180(17)  
            C(17)-C(18)                   1.4177(17)  
            C(18)-C(19)                   1.3697(16)  
            C(19)-C(20)                   1.4220(15)  
            C(19)-C(22)                   1.5077(15)  
            C(23)-C(25)                   1.5302(15)  
            C(23)-C(24)                   1.5339(16)  
            C(25)-C(26)                   1.3961(15)  
            C(25)-C(30)                   1.3980(15)  
            C(26)-C(27)                   1.3884(16)  
            C(27)-C(28)                   1.3903(18)  
            C(28)-C(29)                   1.3903(18)  
            C(29)-C(30)                   1.3885(17)  
            C(31)-C(33)                   1.5217(14)  
            C(31)-C(32)                   1.5309(15)  
            C(33)-C(34)                   1.3889(15)  
            C(33)-C(38)                   1.3964(14)  
            C(34)-C(35)                   1.3905(16)  
            C(35)-C(36)                   1.3883(19)  
            C(36)-C(37)                   1.386(2)  
            C(37)-C(38)                   1.3930(16)  
   
            O(2)-P(1)-O(1)               98.28(4)  
            O(2)-P(1)-N(1)              110.76(4)  
            O(1)-P(1)-N(1)               95.61(4)  
            C(1)-O(1)-P(1)              115.32(6)  
            C(20)-O(2)-P(1)             124.45(6)  
            C(31)-N(1)-C(23)            117.18(8)  
            C(31)-N(1)-P(1)             125.48(7)  
            C(23)-N(1)-P(1)             116.28(7)  
            C(10)-C(1)-O(1)             118.79(9)  
$QKDQJ
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            C(10)-C(1)-C(2)             124.34(10)  
            O(1)-C(1)-C(2)              116.85(9)  
            C(3)-C(2)-C(1)              117.27(10)  
            C(3)-C(2)-C(21)             122.64(10)  
            C(1)-C(2)-C(21)             120.08(10)  
            C(2)-C(3)-C(4)              121.76(10)  
            C(3)-C(4)-C(5)              120.99(11)  
            C(3)-C(4)-C(9)              119.84(10)  
            C(5)-C(4)-C(9)              119.10(11)  
            C(6)-C(5)-C(4)              121.08(12)  
            C(5)-C(6)-C(7)              119.90(11)  
            C(8)-C(7)-C(6)              120.89(12)  
            C(7)-C(8)-C(9)              120.69(12)  
            C(8)-C(9)-C(4)              118.31(10)  
            C(8)-C(9)-C(10)             122.82(10)  
            C(4)-C(9)-C(10)             118.74(10)  
            C(1)-C(10)-C(9)             117.83(10)  
            C(1)-C(10)-C(11)            119.28(9)  
            C(9)-C(10)-C(11)            122.85(10)  
            C(20)-C(11)-C(12)           118.02(10)  
            C(20)-C(11)-C(10)           119.74(9)  
            C(12)-C(11)-C(10)           122.19(9)  
            C(17)-C(12)-C(13)           118.00(10)  
            C(17)-C(12)-C(11)           118.92(10)  
            C(13)-C(12)-C(11)           123.04(10)  
            C(14)-C(13)-C(12)           120.92(12)  
            C(13)-C(14)-C(15)           120.60(11)  
            C(16)-C(15)-C(14)           119.93(12)  
            C(15)-C(16)-C(17)           121.01(12)  
            C(18)-C(17)-C(16)           120.70(11)  
            C(18)-C(17)-C(12)           119.75(10)  
            C(16)-C(17)-C(12)           119.53(11)  
            C(19)-C(18)-C(17)           121.92(11)  
            C(18)-C(19)-C(20)           117.53(10)  
            C(18)-C(19)-C(22)           122.30(10)  
            C(20)-C(19)-C(22)           120.15(10)  
            C(11)-C(20)-O(2)            120.28(9)  
            C(11)-C(20)-C(19)           123.39(10)  
            O(2)-C(20)-C(19)            116.26(9)  
            N(1)-C(23)-C(25)            111.07(8)  
            N(1)-C(23)-C(24)            112.43(9)  
            C(25)-C(23)-C(24)           114.22(9)  
            C(26)-C(25)-C(30)           118.28(10)  
            C(26)-C(25)-C(23)           119.52(9)  
            C(30)-C(25)-C(23)           122.17(10)  
            C(27)-C(26)-C(25)           120.89(10)  
            C(26)-C(27)-C(28)           120.35(11)  
            C(27)-C(28)-C(29)           119.28(11)  
            C(30)-C(29)-C(28)           120.34(11)  
            C(29)-C(30)-C(25)           120.85(11)  
            N(1)-C(31)-C(33)            111.93(8)  
            N(1)-C(31)-C(32)            110.35(9)  
            C(33)-C(31)-C(32)           113.11(8)  
            C(34)-C(33)-C(38)           118.53(10)  
            C(34)-C(33)-C(31)           118.97(10)  
            C(38)-C(33)-C(31)           122.50(10)  
            C(33)-C(34)-C(35)           121.37(11)  
            C(36)-C(35)-C(34)           119.45(12)  
            C(37)-C(36)-C(35)           120.06(11)  
            C(36)-C(37)-C(38)           120.11(11)  
            C(37)-C(38)-C(33)           120.45(11)  
           _____________________________________________________________  
   
$QKDQJ

7DEHOOH$QLVRWURSLF GLVSODFHPHQW SDUDPHWHUV $A [ A IRU ULP 7KH DQLVRWURSLF
GLVSODFHPHQWIDFWRUH[SRQHQWWDNHVWKHIRUPSLA>KADA8KNDE8@
   
    _______________________________________________________________________  
   
              U11        U22        U33        U23        U13        U12  
    _______________________________________________________________________  
   
    P(1)     14(1)      20(1)      17(1)      -2(1)       2(1)       0(1)  
    O(1)     14(1)      21(1)      17(1)       0(1)       1(1)      -1(1)  
    O(2)     18(1)      22(1)      15(1)      -1(1)       3(1)      -2(1)  
    N(1)     16(1)      19(1)      17(1)      -4(1)       2(1)      -2(1)  
    C(1)     13(1)      24(1)      14(1)      -1(1)       1(1)      -1(1)  
    C(2)     19(1)      24(1)      14(1)       0(1)       3(1)       2(1)  
    C(3)     18(1)      31(1)      15(1)       0(1)       1(1)       3(1)  
    C(4)     18(1)      34(1)      14(1)      -1(1)       1(1)      -3(1)  
    C(5)     19(1)      44(1)      19(1)      -2(1)      -1(1)      -4(1)  
    C(6)     24(1)      50(1)      22(1)      -4(1)      -1(1)     -14(1)  
    C(7)     31(1)      37(1)      23(1)      -3(1)       1(1)     -15(1)  
    C(8)     27(1)      30(1)      19(1)       0(1)       2(1)      -7(1)  
    C(9)     20(1)      28(1)      12(1)      -1(1)       1(1)      -4(1)  
    C(10)    17(1)      23(1)      13(1)      -1(1)       2(1)      -1(1)  
    C(11)    18(1)      20(1)      16(1)       1(1)       4(1)      -3(1)  
    C(12)    26(1)      17(1)      20(1)       2(1)       7(1)      -2(1)  
    C(13)    35(1)      22(1)      19(1)       1(1)       6(1)      -1(1)  
    C(14)    53(1)      24(1)      21(1)      -2(1)      10(1)       0(1)  
    C(15)    58(1)      20(1)      34(1)      -2(1)      16(1)       6(1)  
    C(16)    44(1)      19(1)      35(1)       5(1)      12(1)       6(1)  
    C(17)    29(1)      16(1)      26(1)       3(1)       8(1)      -2(1)  
    C(18)    25(1)      18(1)      28(1)       6(1)       2(1)       0(1)  
    C(19)    19(1)      21(1)      22(1)       5(1)       2(1)      -4(1)  
    C(20)    18(1)      19(1)      18(1)       2(1)       5(1)      -3(1)  
    C(21)    26(1)      24(1)      26(1)       0(1)       0(1)       5(1)  
    C(22)    24(1)      26(1)      23(1)       6(1)      -3(1)      -2(1)  
    C(23)    21(1)      18(1)      18(1)      -3(1)       2(1)      -2(1)  
    C(24)    34(1)      18(1)      25(1)      -2(1)       3(1)       1(1)  
    C(25)    20(1)      17(1)      18(1)      -4(1)       1(1)      -2(1)  
    C(26)    22(1)      23(1)      20(1)      -3(1)       2(1)       1(1)  
    C(27)    28(1)      24(1)      24(1)      -1(1)      -1(1)       4(1)  
    C(28)    38(1)      26(1)      21(1)       3(1)       3(1)      -1(1)  
    C(29)    30(1)      34(1)      22(1)       0(1)       8(1)      -3(1)  
    C(30)    20(1)      27(1)      23(1)      -2(1)       3(1)       0(1)  
    C(31)    16(1)      18(1)      17(1)       0(1)       3(1)       0(1)  
    C(32)    24(1)      25(1)      25(1)       7(1)       5(1)       2(1)  
    C(33)    14(1)      23(1)      15(1)       1(1)       3(1)      -1(1)  
    C(34)    19(1)      24(1)      20(1)       4(1)       6(1)       1(1)  
    C(35)    25(1)      34(1)      23(1)      10(1)       9(1)       9(1)  
    C(36)    18(1)      53(1)      20(1)       8(1)       4(1)      10(1)  
    C(37)    16(1)      47(1)      19(1)      -3(1)       4(1)      -4(1)  
    C(38)    18(1)      29(1)      21(1)      -3(1)       5(1)      -4(1)  




7DEHOOH+\GURJHQ FRRUGLQDWHV  [ A DQG LVRWURSLF GLVSODFHPHQW SDUDPHWHUV $A [
AIRUULP
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          H(3)        14414          3582          4230          26  
          H(5)        16101          5336          4483          33  
          H(6)        16664          7452          4315          39  
          H(7)        14964          8914          3677          37  
          H(8)        12706          8267          3228          31  
          H(13)       11394          7525          4610          30  
          H(14)       10566          9127          5436          39  
          H(15)        8687         10392          4771          43  
          H(16)        7676         10058          3277          38  
          H(18)        7571          8923          1828          28  
          H(21A)      12912          1817          3855          39  
          H(21B)      11766          2036          2971          39  
          H(21C)      11365          2154          3965          39  
          H(22A)       7275          7782           439          38  
          H(22B)       7531          6283           588          38  
          H(22C)       8663          7148           226          38  
          H(23)        6505          2667          1076          23  
          H(24A)       9075          1726           727          39  
          H(24B)       7621          1018           494          39  
          H(24C)       8338          1203          1531          39  
          H(26)        5277          4172           109          26  
          H(27)        4946          5376         -1224          31  
          H(28)        6699          5538         -2101          34  
          H(29)        8793          4484         -1625          34  
          H(30)        9128          3282          -291          28  
          H(31)        7779          4652          2852          20  
          H(32A)       6822          2076          2709          37  
          H(32B)       6754          2984          3563          37  
          H(32C)       8213          2549          3333          37  
          H(34)        6441          6319          2085          25  
          H(35)        4289          7162          1481          32  
          H(36)        2398          5797          1110          36  
          H(37)        2659          3608          1373          33  
          H(38)        4811          2773          1999          27  
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